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Abstract 

Today, due to the instability in the various markets, the modeling of price shock becomes the challenging task due to continuous 

price changes caused by numerous external factors. Therefore, in this paper, a novel pricing mechanism for manufacturers who 

produces substitution products in a duopoly is proposed considering price shock, market prediction and customer behavior. 

Consequently, a game theory approach based on the Cournot model is designed to determine the equilibrium decisions. To 

extract managerial insights, Nash and Stackelberg approaches investigated in two scenarios before and after occurring price 

shock, considering the behavior of manufacturers and consumers. Moreover, the government policies are investigated in these 

two scenarios. The obtained results from parametric analysis indicated that the market forecasting parameter plays a significant 

role in the profitability and production quantity of manufacturers in both scenarios. Besides, the tax deduction policy provides 

better conditions for the government only before occurring price shock. 
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1.  Introduction  

Economic activities have always been affected by various external and unexpected factors such as a sudden in-

crease in exchange rates, economic and political sanctions, global oil prices, various wars, and so on. In the eco-

nomic literature, this external phenomenon that makes deviance in the macroeconomic variable, especially prices 

are known as a price shock. In other words, any deviation of prices from the long-term trend of their expected 

values is interpreted as a price shock. Hence, in today's volatile and uncertain world, one of the critical challenges 

regarding the advancement of manufacturers and economic analysts is the existence of price shock and its effects. 

Price shocks are the consequence of the unavoidable external and unexpected economic factors such as sudden 

increase of the exchange rates, economic and political sanctions, temporary increase in global oil price, various 

wars, etc., Which can cause a negative or positive effect on the economic variables such as supply levels, costs, and 

in the particular product price. Therefore, it is very important to pay attention to these random and generally 

unknown factors in economic analysis. Understanding and processing the price shock is crucial because persistent 

changes in prices can expose manufacturers and industrial consumers to make risky decisions and affect the qual-

ity of their decisions. As an example, the spot price of Brent crude oil decreases from $115.19 per barrel on June 19, 

2014 to $45.13 per barrel on January 13, 2015, demonstrating more than 60% decline within seven months. This 

shock of crude oil prices caused the manufacturers and investors to change future strategies and decisions. As an 

example, the decrease of the crude oil price leads to the decline of the profits of petroleum enterprises, which forces 

some petroleum investors to adjust the benchmark achievement for desired and profitable investments (Gao et al., 

(2017)). Thus, a better understanding of price shock and the market temporary volatility can help the researchers, 

market participants, and policymakers to make more proper and more profitable decisions. With the substantial 

importance of the price shock in economic activities, in recent decades, a great number of theoretical researches 

devoted to determine the effects of different shocks on the economic variables. In numerous amount of studies, the 

different statistical econometrics models such as Generalized Autoregressive Conditional Heteroscedasticity 
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(GARCH), Vector autoregressive (VAR), and Threshold Autoregressive (TAR) are employed to identify and ana-

lyze the impact of price shock on various markets. Volkov and Yuhn (2016) investigated the impacts of the oil price 

shocks on the foreign exchange rate in the five oil-exporting countries. Aloui et al. (2013) provided a comprehensive 

analysis of the impact of the oil price shock on the foreign exchange rate by employing different kinds of Auto-

regressive Conditional Heteroscedasticity (ARCH) models. Basher et al. (2018) explored the impact of the oil price 

shock on the stock return rate by the VAR model. The literature of the modeling and analyzing the price shock 

regarding its impact on the economic activates are summarized in Table 1. 

Table 1. The recent literature of the studies modelling price shocks 

Ref.  Year Model The main contribution 

Kilian and Zhou  2023 VAR 
 This paper develops a vector autoregressive model 

that quantifies the joint impact of shocks to several en-
ergy prices on headline and core CPI inflation.  

Kröger et al.  2023 Linear Regression  
This paper focuses on the distributional effect of the 
natural gas2 price shock on heating expenditures in 

Germany. 

Zhang et al  2023 VAR 
This paper explores whether the government's control 

of refined oil prices can slow down this impact and 
play a “shock absorber” function 

Rahman  2022 Nonlinear bivariate structural SVR 
The paper studies the relation between the crude oil 

price and U.S. stock returns 

Sohag et.al  2022 
Autoregressive Distributed Lags 

(DSARDL) 
The current transition to a greener economy affects 

world markets dynamics 

In today’s market, managers must continually respond to a rapid change occurred in various market segments to 

keep their competitive advantage (Lang et al. (2016)). Thus, for achieving this decisive goal, they can follow some 

principal approaches such as marketing (Day (2011)), innovation (Bharadwaj et al. (2015)), strategic management 

(D'Aveni et al. (2010)), and forecasting ( Z. Hajirahimi, M.Khashei, 2019)). Forecasting and estimating the future 

manner of the market is widely-used method to deal with the uncertainty. One of the most important and chal-

lenging issues that manufacturer and economic analyst deal with, is to predict the future market and particularly 

the price shock. The ability of making effective forecasting about future market is important, especially for man-

agers and analysts to develop appropriate strategies and implement plans, and also forecast probabilistic price 

shock. Market forecasting defines as some theoretical and numerical approaches that gathering information about 

current market and using them to forecast future market behavior to improve managerial decisions. Thus, due to 

the undeniable existence of the price shock, market forecasting and awareness of the future behavior of the market 

is inevitable task. Many recent studies, especially in economic, focused on market movements in terms of price 

shock. A substantial challenging problem is to forecast the direction of the market movement. In this way, appro-

priately analyzing and processing historical data would be an effective solution for forecasting future market di-

rection and can help market analysts. Time series models in which historical observations of the variables such as 

price, demand, and so on are analyzed to develop a model describing the underlying relationship have been used 

widely for forecasting market direction. This modeling approach is particularly useful when little knowledge is 

available on the underlying data generating process or when there is no satisfactory explanatory model that relates 

the prediction variable to other explanatory variables (Zhang et al. (1998)). Different time series models are pro-

posed to forecast unexpected price shocks. Consequently, manufacturers by analyzing historical data and time 

series models can forecast the future scheme of the market. Table (2) summarized the brief literature of forecasting 

price shock employing time series models.  

Table 2. The brief literature of forecasting shocks employing time series models. 

Ref. Year Time series forecasting model The main contribution 

Hirose and Kuro-

zumi 
2012 Bayesian model 

Identifying news shocks in a dynamic stochastic general equilibrium model 

estimated with not only actual data but also forecast data. 

Lee and Brorsen 2017 kalman filter 

New stochastic time-series process is proposed to describe both permanent 

shocks related to structural breaks and temporary shocks. A permanent 

break is captured by a Poisson-jump or a Bernoulli-jump process, and a 

https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=50236
https://papers.ssrn.com/sol3/cf_dev/AbsByAuth.cfm?per_id=2094708
https://scholar.google.com/citations?user=cB8s5HQAAAAJ&hl=en&oi=sra
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temporary shock is represented by a white noise process. the kalman filter 

model is used for forecasting. 

Alessandsri and um-

taz 
2017 Regime-Switching models 

Regime-Switching models employed to capture financial shocks. Such mod-

els could have sent a credible advance warning ahead of the great recession. 

One of the initial issues manufactures faced is to determine the price of the productions or in other words, pricing 

in a competitive market environment ( Khorshidvand et al. (2021)). The optimal pricing decision leads to obtain 

the maximum value of the profit for manufacturers. Thus, the growing literature has evolved through pricing 

problems. Due to the importance of the pricing for manufacturers to maximize their profit and make efficient 

decisions, several studies have been developed by proposing various pricing techniques in recent years. Soon 

(2011) and Chan et al. (2004) made a broad overview of pricing approaches and methodologies. Ai et al. (2012) 

proposed the pricing mechanism in a supply chain for substitution products by considering return policies and 

uncertain demand. Karakul and Chan (2008) presented a single-period pricing and procurement model concur-

rently for two substitution products. A literature review indicated that game theory approaches are known as an 

effective and widely-used tool to exploit strategic analysis and recognizing the best interactions among multiple 

players. Due to the competitive essence of different markets and the nature of the game theory concept, various 

game theory approaches are applied to develop and solve the pricing problems in a wide variety of studies. Esmaeli 

et al. (2016) evaluated different kinds of pricing models using game theory concepts for the closed-loop supply 

chain. Safarzadeh and Rasti-Barzoki (2019) proposed a pricing mechanism in the energy market considering the 

energy rebound effect, consumer behavior, and government policies. Khorshidvand et al. (2023) presented pricing 

strategies in a dual-channel green closed-loop supply chain considering incentivized recycling and circular econ-

omy. The results of this study highlighted that targeted advertising can stimulate demand for green products, and 

incentivizing circular economy practices through collaboration can yield positive environmental and economic 

outcomes. Recent papers, using game theory approaches to solve pricing problems are summarized in Table (3). 

Table 3. The recent literature of the solving pricing problems using game theory approaches 

Ref. Year 
Type of game theory 

model 
The pricing problem 

Mahdavisharif 

et al.  
2023 Stackelberg 

Pricing and inventory policy for non-instantaneous deteriorating items in vendor-man-

aged inventory systems 

Cai al.  2023 Stackelberg How reverse information sharing supports pricing and sales effort decisions 

Huag et.al 2022 Stackelberg 
Dynamic pricing model of real-time energy management based on the source-load inter-

action optimization for hybrid energy. 

Ling et al. [32] 2022 
leader-follower Stackel-

berg game 
Pricing decisions in a duopolistic market 

It can be concluded that because of the direct impact of price shocks on the supply level, production quantity, and 

production price, considering this important factor in the pricing modeling procedure can lead to provide a more 

desired pricing mechanism and close it to the real-world system. Although several studies have already been con-

ducted in the field of product pricing, no study in the literature considered the price shock in the pricing modeling 

by the use of the game theory concept. Therefore, given the existing gap in the literature on the non-investigation 

of the effects of price shocks on the pricing mechanism using the game theory approach, this paper proposed the 

game theory approach to assess and analyze the effect of price shock for two substitution products considering 

some important parameters such as market forecasting and customer behavior. Besides, the pricing mechanism 

will also be analyzed under two scenarios before and after the occurring price shock. Therefore, the following 

questions are answered in this research study:  

1) What will be the equilibrium values of decision variables, including production quantity and price? 

2) How will change the amount of profit and production quantity made by the manufacturer in both be-

fore and after occurring price shock scenarios? 

3) How can it affect the market forecasting parameter before and after occurring price shock on the pro-

duction quantity and profits made by the manufacturer? 
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4) How does consumer behavior affect the pricing mechanism before price shock? 

5) How may change the government’s profit by deducting tax policy in each scenario? 

As mentioned before in the current research a new pricing mechanism by considering price shock, market fore-

casting, and customer behavior is proposed. In this paper, two scenarios are designed, namely before and after 

occurring price shock and analyzing the profit and production quantity of two manufacturers which are discrimi-

nated by the forecasting market characteristic. Consequently, two game approaches are proposed in this paper for 

solving the pricing problem considering price shock, market forecasting, and customer behavior that has not been 

discussed previously. Thus, in the first stage, the Nash game is proposed to determine equilibrium decisions. Then 

in the second phase, the Stackelberg game approach is applied to the defined problem for considering government 

policies to optimize its decision-making procedure. The rest of the paper is organized as follows: The problem 

statement is described in section 2. In section 3, the formulation of the proposed model is introduced. The sensitiv-

ity analysis is given in section 4 in detail. The discussion and summary of implications are provided in section 5. 

Section 6, contains the summary and concluding results.  

2. The problem statement 

Suppose that a market with two manufacturers produced two substitution products. In this study, two manufac-

turers that are differentiated with the important characteristic namely the forecasting market are considered. Thus, 

in the first stage with the importance of the market forecasting criteria, the impact of this crucial parameter on the 

profit and the production quantity of manufacturers is investigated in two scenarios, including before and after 

occurring price shock as well as other parameters such as customer expectation and intensity of price shock. There-

fore, in this stage, there is Nash competition between the manufacturers. In the second phase, a government as a 

leader, to increase its profit using the tax scheme, is added to the problem structure. In this phase, a two-stage 

Stackelberg game approach is designed. The general framework of the proposed problem is illustrated in Figure1.

 

Figure1. The general framework of the proposed model 

2.1. Assumptions 

Now, in this subsection the required assumptions considered in this study are given as follows: 

Assumption 1: The effect of price shock (µ) is positive. 

Assumption 2: The expectation of the customers from a temporary increase in prices (r) can get values between 

zero and one.  

Assumption 3: The prices of the manufacturer’s product are considered as a linear function of production 

quantity. 
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3. Model Formulation 

In this section, the proposed game model and its requirements are proposed, as well as two considered scenarios. 

So, at first, the notations of the mathematical model are given, as follows: 

3.1. Notations 

The required notations for proposed game model are described as follows: 

Indices 

i Index of the manufacturers (i=1, 2) 

j Index of the type of game approach Stackelberg (j=S) or Nash (j=N) 

Parameters 

α The products-market base 

𝜆 Degree of substitutability between the substitute products from the two manufacturers 

θ The forecasting degree of the first manufacturer from the probabilistic price shock 

µ The intensity effect of the price shock 

𝑡0 Time of occurring price shock 

c Production cost 

Decision variable 

r The expectation of the customers from temporary increase in prices 

t Tax rate on each unit of product 

𝑞𝑖𝑗
′  

The production quantity of product which is made by the manufacture’ 𝑖 applying game approach j 

in the second scenario, after occurring price shock 

𝑞𝑖𝑗
′  

The production quantity of product which is made by the manufacture’ 𝑖 applying game approach j 

in the second scenario, after occurring price shock 

𝑝𝑖𝑗 Price of the manufacture’ 𝑖 applying game approach j in the first scenario, before occurring price shock 

𝑝𝑖𝑗
′  

Price of the manufacture’ 𝑖 applying game approach j in the second scenario, after occurring price 

shock 

𝜋𝑖𝑗  
Profit function of the manufacture’ 𝑖 applying game approach j in the first scenario, before occurring 

price shock 

𝜋𝑖𝑗
′  

Profit function of the manufacture’ 𝑖 applying game approach j in the second scenario, after occurring 

price shock 

𝜋𝑔 Government's utility function in the first scenario, before occurring price shock 

𝜋𝑔
′  Government's utility function in the second scenario after occurring price shock) 

3.3 The players' profits without government intervention: modelling and solution 

In this subsection, the players' utility functions are explained, which are formulated in the Nash equilibrium ap-

proach and also two designed scenarios. This study aims to research the impact of price shock on the profitability 

of manufactures considering market forecasting and customer behavior. Thus, two scenarios including before and 
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after happening price shock are designed due to analyze the profit of manufactures differentiated by market fore-

casting feature. Moreover, we want to determine how may change the profit and price of manufacturers under the 

influence of price shock defined in second scenario who forecasts or not the future of market before happening 

price shock. In other words, these scenarios are designed to represent the reaction of manufacturers when faced 

price shock in the market considered or not market forecasting before price shock occurred. So, two manufacturer 

prices for the substitution products before happening price shock scenario are given in Eq. (1) and (2) respectively, 

as follows: 

If t < 𝑡0 

𝑝1𝑁 = 𝑎 −
𝑞1𝑁

𝜃
− 𝜆 𝑞2𝑁 +

1

(1 − 𝑟)2
           (1) 

2 N 2 N 1Np a q λ q= − −     (2) 

Where, according to the market forecasting characteristic of the first manufacturer and based on its prediction rate, 

it can decrease its production quantity. Also, for the first manufacturer, if customers expect a temporary increase 

in future prices, it may cause an increase in first manufacturer production’s price. Consequently, the customer 

expectation has an inverse relationship with the production price of the first manufacturer. Accordingly, the 

player’s utility functions can be defined in Eq (3) and (4) for the manufacturer (1) and (2) respectively. 

𝜋1𝑁 = (𝑝1𝑁 −
𝑐

𝜃
) 𝑞1𝑁 (3) 

2 N 2 N 2 Nπ ( p c ) q= −  (4) 

Where, according to Eq. (3), the first manufacture based on the market forecasting rate and future market estima-

tion can reduce its production cost. In the second scenario, the main aim is to investigate the behavior of manufac-

turers when price shock has occurred who forecasts or not the future of the market before happening of this phe-

nomenon. Since market forecasting is a highlighted feature of manufacturers that its effectiveness has appeared in 

an unusual situation like happening price shock, however, manufacturers should suitably analyze the market and 

also forecast the future scheme of the market before happening such unexpected situations. Accordingly, the sec-

ond scenario is designed to represent the reaction of manufacturers when faced price shock analyzing the market 

or not before price shock occurred and evaluate the impact of market forecasting on the price, production quantity 

and, profit of manufacture. Thus, based on the market forecasting whether is considered or not by manufactures 

before happening price shock, the player's price functions and their utility functions in the second scenario are 

given in the following formulas: 

If t≥ t0 

(5) 𝑝′1𝑁 = 𝑎 −
𝑞′

1𝑁

(𝜇 − 𝜃)2
− 𝜆𝑞′

2𝑁
 

(6) 𝑝′2𝑁 = 𝑎 −
𝑞′

2𝑁

𝜇2 − 𝜆 𝑞′
1𝑁 

In this scenario and the presence of price shock, the first manufacturer based on the difference of the market fore-

casting rate and the actual effect of the price shock, have a decrease in its production quantity. However, the second 

manufacture which has no estimation of the future market has observed the whole effect of the price shock on its 

production quantity. Accordingly, the utility functions of the two manufacturers are given in Eq (7) and (8). 

𝜋1𝑁
′ = (𝑝1𝑁

′ − 𝑐(µ − 𝜃)2) 𝑞1𝑁
′   (7) 

𝜋′
2𝑁 = (𝑝′2𝑁 − 𝑐 𝜇2) 𝑞′

2𝑁 (8) 

Similarly, the utility functions are also affected by the market forecasting rate. As it is addressed in Eq. (7), the 

production costs of the first manufacture increase based on the actual effect of the price shock and the estimated 

value of this manufacturer. Besides, the production cost of the second manufacturer enhanced based on the actual 

effect of the price shock. Calculations of the Nash equilibria (1). The Nash equilibrium decisions of the manufac-

turer under the first scenario are presented in Eqs. (9) -(12), as follows. 
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𝑞1𝑁 =
2 (−𝑎 −

1
(1 − 𝑟)2 +

𝑐
𝜃

 ) + (𝑎 − 𝑐) 𝜆

−
4
𝜃

 +  𝜆2
 (9) 

𝑞2𝑁 =
2𝑎 − 2𝑐 − 4𝑎𝑟 + 4𝑐𝑟 + 2𝑎𝑟2 − 2𝑐𝑟2 + 𝑐𝜆 − 2𝑐𝑟𝜆 + 𝑐𝑟2𝜆 − 𝜃𝜆 − 𝑎𝜃𝜆 + 2𝑎𝑟𝜃𝜆 − 𝑎𝑟2𝜃𝜆

(−1 + 𝑟)2(4 − 𝜃𝜆2)
 

(10) 

𝑝1𝑁= 

𝑎 +
1

(1 − 𝑟)2
+

−2 (𝑎 +
1

(1 − 𝑟)2 −
𝑐
𝜃

) + (𝑎 − 𝑐)𝜆

𝜃 (
4
𝜃

− 𝜆2)

+
𝜆(2𝑎 − 2𝑐 − 4𝑎𝑟 + 4𝑐𝑟 + 2𝑎𝑟2 − 2𝑐𝑟2 + 𝑐𝜆 − 2𝑐𝑟𝜆 + 𝑐𝑟2𝜆 − 𝜃𝜆 − 𝑎𝜃𝜆 + 2𝑎𝑟𝜃𝜆 − 𝑎𝑟2𝜃𝜆)

(−1 + 𝑟)2(−4 + 𝜃𝜆2)
 

(11) 

𝑝2𝑁

=  𝑎 +
𝜆(−2(𝑎 +

1
(1 − 𝑟)2 −

𝑐
𝜃

) + (𝑎 − 𝑐)𝜆)

4
𝜃

− 𝜆2

+
2𝑎 − 2𝑐 − 4𝑎𝑟 + 4𝑐𝑟 + 2𝑎𝑟2 − 2𝑐𝑟2 + 𝑐𝜆 − 2𝑐𝑟𝜆 + 𝑐𝑟2𝜆 − 𝜃𝜆 − 𝑎𝜃𝜆 + 2𝑎𝑟𝜃𝜆 − 𝑎𝑟2𝜃𝜆

(−1 + 𝑟)2(−4 + 𝜃𝜆2)
 

(12) 

Calculations of the Nash equilibria (2). The Nash equilibrium values for the production quantity of two manu-

facturers under the second scenario are presented in Eq. (13) and (14). 

𝑞′
1𝑁 =

𝜆(𝑎 − 𝑐𝜇2) −
2(𝑎 − 𝑐(−𝜃 + 𝜇)2)

𝜇2

𝜆2 −
4

𝜇2(−𝜃 + 𝜇)2

 (13) 

𝑞′
2𝑁 =

2𝑎𝜇2 − 𝑎𝜃2𝜆𝜇2 + 𝑐𝜃4𝜆𝜇2 + 2𝑎𝜃𝜆𝜇3 − 4𝑐𝜃3𝜆𝜇3 − 2𝑐𝜇4 − 𝑎𝜆𝜇4 + 6𝑐𝜃2𝜆𝜇4 − 4𝑐𝜃𝜆𝜇5 + 𝑐𝜆𝜇6

4 − 𝜃 2𝜆2𝜇2 + 2𝜃𝜆2𝜇3 − 𝜆2𝜇4  (14) 

The equilibrium values of the price for two manufacturers obtained by Nash equilibrium are given in 

Eqs. (15) and (16). 

𝑝′
1𝑁

= 𝑎 +
𝜆(2𝑎𝜇2 − 𝑎𝜃2𝜆𝜇2 − 𝑐𝜃4𝜆𝜇2 + 2𝑎𝜃𝜆𝜇3 − 4𝑐𝜃3𝜆𝜇3 − 2𝑐𝜇4 − 𝑎𝜆𝜇4 + 6𝑐𝜃2𝜆𝜇4 − 4𝑐𝜃𝜆𝜇5 + 𝑐𝜆𝜇6)

𝜃2𝜇2𝜆2 − 4 − 2𝜃𝜆2𝜇3 + 𝜆2𝜇4

+
𝜆(𝑎 − 𝑐𝜇2) −

2(𝑎 − 𝑐(𝜇 − 𝜃)2

𝜇2

(𝜇 − 𝜃)2(
4

𝜇2(𝜇 − 𝜃)2 − 𝜆2)
 

(15) 

𝑝′
2𝑁

= 𝑎 +
2𝑎𝜇2 − 𝑎𝜃2𝜆𝜇2 − 𝑐𝜃4𝜆𝜇2 + 2𝑎𝜃𝜆𝜇3 − 4𝑐𝜃3𝜆𝜇3 − 2𝑐𝜇4 − 𝑎𝜆𝜇4 + 6𝑐𝜃2𝜆𝜇4 − 4𝑐𝜃𝜆𝜇5 + 𝑐𝜆𝜇6)

𝜇2(𝜃2𝜇2𝜆2 − 4 − 2𝜃𝜆2𝜇3 + 𝜆2𝜇4)

+
𝜆(𝜆(𝑎 − 𝑐𝜇2) −

2(𝑎 − 𝑐(𝜇 − 𝜃)2

𝜇2 )

(
4

𝜇2(𝜇 − 𝜃)2 − 𝜆2)
 

(16) 

All the proofs are presented in Appendix A. 

3.4 The players' profits with government intervention: modelling and solution 

In this subsection, the defined problem is considered by the intervention of the government in a Stackelberg game. 

A Stackelberg refereed to the two-stage game by defining leader and followers. In pricing models, the government 

and members of the supply chain considered as a leader and followers respectively. In this game-theoretic 

approach, the leaders and followers devoted to maximize their profits. The Stackelberg model has been 
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widely adopted solution for solving pricing problems in a supply chain that leads to determine the 

effective policies can be developed by governmnet. Accordingly, in this modeling phase of the defined 

problem, for evaluating the effectivness of the tax deduction policy applied by the government as a 

leader, a Stackelberg game model is proposed. In Stackelberg game approach, a tax deduction system 

for the government with the same structure and players (two manufacturers) with the first Nash game 

procedure is proposed. Thus, the utility functions for players and government in both scenarios are 

given as follows: 

If t < t0 

𝜋1𝑆 = (𝑝1𝑆 −
𝑐

𝜃
− 𝑡) 𝑞1𝑆 (17) 

𝜋2𝑆 = (𝑝2𝑆 − 𝑐 − 𝑡)𝑞2𝑆 (18) 

𝜋𝑔 = 𝑡 (𝑞1𝑆 + 𝑞2𝑆) (19) 

Similar to the previous scenario, the players' profit functions and also government under the second scenario are 

addressed in the following equations: 

If t≥ t0 

𝜋′
1𝑆 = (𝑝′

1𝑆
− (𝑐  (𝜇 − 𝜃)2) − 𝑡) 𝑞′

1𝑆
 (20) 

𝜋′
2𝑆 = (𝑝′

2𝑆 − ((𝑐 𝜇2) − 𝑡)) 𝑞′
2𝑆  (21) 

𝜋′
𝑔 = 𝑡 (𝑞′

1𝑆 + 𝑞′
2𝑆) (22) 

In addition, in the first scenario, the general mathematical model is presented in Eq. (23). 

{

(𝑚𝑎𝑥 𝜋𝑔 → [𝑚𝑎𝑥 𝜋1𝑆 ↔ 𝑚𝑎𝑥 𝜋2𝑆  ])

𝑡                         𝑞1𝑁                     𝑞2𝑁   
𝜋𝑔¸ 𝜋1𝑆  ¸𝜋2𝑆 > 0 𝑎𝑛𝑑    𝑡 ¸ 𝑞1𝑁 ¸  𝑞2𝑁 > 0

     

 (23) 

Similar to the first scenario, the equilibrium decisions of two manufacturers under the second scenario and con-

sidering government intervention are obtained by the same formula.  

Calculations of the Nash equilibria (3). The equilibrium decision of the government under the first scenario is 

presented respectively in Eq. (24) as follows:  

𝑎𝜆 − 2𝑎 − 𝑐𝜆
4 − 𝜆2 −

2
(1 − 𝑟)2(4 − 𝜆2)

+
2 𝑐

𝜃(4 − 𝜆2)
+

𝑡 =
2𝑎 − 2𝑐 − 4𝑎𝑟 + 4𝑐𝑟 + 2𝑎𝑟2 − 2𝑐𝑟2 − 𝜆 − 𝑎𝜆 + 2𝑎𝑟𝜆 − 𝑎𝑟2𝜆

(−1 + 𝑟)2(−4 + 𝜆2)

+
𝑐𝜆 + 2𝑐𝑟𝜆 + 𝑐𝑟2𝜆

(−1 + 𝑟)2𝜃(−4 + 𝜆2)
−4

4 − 𝜆2 +
2 − 4𝑟 + 2𝑟2 − 𝜆 + 2𝑟𝜆 − 𝑟2𝜆

(−1 + 𝑟)2(−4 + 𝜆2)

+
2𝜃 − 4𝑟𝜃 + 2𝑟2𝜃 − 𝜃𝜆 + 2𝑟𝜃𝜆 − 𝑟2𝜃𝜆

(−1 + 𝑟)2𝜃(−4 + 𝜆2)

⁄  

 
(24) 

Calculations of the Nash equilibria (4). The equilibrium decisions of both manufacturers under the first scenario 

is described in Eq. (25) and (26). 

𝑞1𝑆 =
2 (𝑎 +

1
(1 − 𝑟)2 − 𝑡 −

𝑐
𝜃

) − (𝑎 − 𝑐 − 𝑡)𝜆

4 − 𝜆2  

(25) 
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𝑞2𝑆 =   

2𝑐𝜃−2𝑎𝜃+4𝑎𝑟𝜃−4𝑐𝑟𝜃−2𝑎𝑟2𝜃+2𝑐𝑟2𝜃+
2𝑡𝜃−4𝑟𝑡𝜃+2𝑟2𝑡𝜃−𝑐𝜆+2𝑐𝑟𝜆−𝑐𝑟2𝜆+𝜃𝜆+𝑎𝜃𝜆−2𝑎𝑟𝜃𝜆+𝑎𝑟2𝜃𝜆

−𝑡𝜃𝜆+2𝑟𝑡𝜃𝜆−𝑟2𝑡𝜃𝜆
(−1+𝑟)2𝜃(−4+𝜆2)

  

 (26) 

The equilibrium values of the decision variables for two manufacturers are obtained by replacing the Eq. (24) in 

Eq. (25) and (26). In a similar fashion, the equilibrium values of the decision variables considering government 

intervention can be yielded in the second scenario. 

4. Sensitivity analysis and managerial implications  

In this section, according to the proposed game model, a comprehensive numerical analysis of the main parameters 

is addressed for both scenarios in the two following subsections. Firstly, the individual effect of the r and θ param-

eters is investigated on the price and production quantity, and in the next step, the simultaneous effects of these 

two parameters on the profit of the manufacturers in both scenarios are evaluated and analyzed. Besides, in 

Stackelberg game approach the effect of 𝜇 and θ parameters on the government’s profit are investigated simulta-

neously in both scenarios. Consequently, by these comprehensive analyses, the corresponding managerial insights 

can be extracted. Then, the discussion about sensitivity analysis of the main parameters is described. Accordingly, 

three crucial managerial insights that can help the manufactures and government to raise their performance in two 

scenarios are proposed. 

4.1. Sensitivity analysis of the first scenario 

Table (4) shows the default parameter values which are considered for both scenarios applying  the Nash game 

approach in this study. Therefore, Table (5) shows the equilibrium values which are obtained by replacing the 

default parameter values in Eq. (9) and (10) as well as the profit functions. In this scenario, the effects of important 

parameters such as the manufacturer's market forecasting, the expectation of customers of price increases, the de-

gree impact of the price shock on the profit and production quantity as well as the of manufactures’ profits are 

investigated. 

Corollary 1: According to Fig. (2), the first manufacturer which made the forecasting of the future behavior of the 

market, can increase its production quantity with the increasing value of the market forecasting parameter. In other 

words, when the ability of the market forecasting of the first manufacturer from the price shock increases, it will 

try to produce more. Also, with the increasing parameter θ, the manufacturer's production quantity which does 

not have an estimate of the future market situation decreases. 

Corollary 2: The sensitivity analysis result regarding the parameter r is shown in Fig. (3). The results indicated that 

if the consumer’s expectation from a temporary increase in the first manufacture’s price becomes higher, the price 

of the first manufacture increase as well as the production quantity.  

Table 4. The default value of the parameters 

Parameter Value 

𝑎 100 

𝜆 1 

c 20 

r 0.6 

𝜃 1.6 

µ 2 

Thus, the first manufacturer can yield a higher profit. However, the second manufacture encounters a significant 

decline in its price as well as profit. 
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Table 5. The equilibrium decisions of the players under numerical study 

Variable  Value 

𝑞1𝑁 71.66 

𝑞2𝑁 4.16 

𝜋1𝑁 3210.07 

𝜋1𝑁 17.36 

In contrast, the amount of production quantity produced by the second manufacturer decreases in the Nash equi-

librium. 

 

Figure2. Effect of the parameter θ on the production quantity in the first scenario 

Corollary 3: The concurrent effect of two parameters θ and r on the profit of the manufacturer (1) and (2) are shown 

in Fig. (4) and (5), respectively. 

 
Figure3. Effect of the parameter r on  the price of the manufacturers in the first scenario 

It is confirmed that with the increase of the two parameters, the profit of the first manufacturer increases and the 

second manufacture faced decrease in its profit. 

Managerial insight 1: According to the obtained results of the sensitivity analysis in this scenario, it can be induced 

that market forecasting and proper estimation of future market behavior and especially price shock may play a 

significant role in the amount of production quantity and profits of manufactures before occurring price shock. 
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Figure4.  Effect of r and θ parameters on the profit of the first manufacturer simultaneously in the first scenario  

Whatever the manufacture forecasts and analyzes the probable price shock effect, it can produce more and devote 

to develop a reduction in production costs. In other words, before happening price shock, as a manufacturer makes 

continuous market analysis, it can be able to estimate the future price shock more accurately and consequently its 

profit and production quantity will increase. Also, if consumers expect a temporary increase in the manufacturer’s 

price, this may lead to an increase in the price, production quantity, and profitability of the manufacturer. 

 

Figure5. Effect of r and θ parameters on the profit of the second manufacturer simultaneously in the first scenario  

4.2. sensitivity analysis of the second scenario 

Similarly, in this scenario, the following numerical example is given in Table (4) is considered, and the Nash equi-

librium decisions of the players under numerical study are presented in Table (6). 

Corollary 4: As shown in Fig. (6), with increasing intensity of the price shock the parameter, the amount of the 

production quantity of both manufactures decreases, which is more significant for the second manufacturer. In 

fact, because of this issue that the second manufacturer has no estimate of this phenomenon, the effect of a price 

shock on its amount of production quantity is greater.  

Table 6. The equilibrium decisions of the players under numerical study 

Variable  Value 

𝑞′
1𝑁 5.40 

𝑞′
2𝑁 29.18 

𝜋′
1𝑁 182 

𝜋′
2𝑁 212 
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Figure6.  Effect of the parameter 𝜇 on the production quantity in the second scenario 

Corollary 5: The simultaneous effect of the two parameters μ and θ on the profit of the first and second manufac-

turer are shown in Fig. (7) and (8), respectively. Based on the obtained results illustrated in Fig. (7) and (8), with 

the increasing impact of the price shock, the manufacturers' profits increase firstly due to increasing the product 

prices. However, when the intensity of the price shock increases, due to the increase in the production costs, the 

profitability of the two manufacturers decreases. Remarkably, the amount of profit reduction for the second man-

ufacture is higher than the first one. 

 

Figure7. Effect of 𝜇 and θ  parameters on the profit of the first manufacturer simultaneously in the second scenario 

 

Figure 8. Effect of 𝜇 and θ parameters on the profit of the second manufacturer simultaneously in the second scenario  



Z.Hajirahimi 152 

 

Managerial insight 2: The obtained results indicated that, when the price shock is happening, we faced a recession. 

In other words, in this scenario, prices are rising and production quantity is decreasing. It is confirmed that the θ 

parameter plays a significant role in the profitability of manufacturers after happening price shock. At the begin-

ning of happening price shock, the profit of both manufactures increases due to the increasing price however the 

amount of profitability of the first manufacturer is more remarkable due to forecasting this situation. Then by 

intensifying price shock the decrease in profit of the first manufacturer happened with a lower slop. This is because 

that the first manufacture can adapt to this situation due to having planning for this phenomenon. This manufac-

turer had effective preparation due to market forecasting feature and it made the necessary plans for the manufac-

turing sector to minimize profit reduction. Thus, profit is decreased in a controlled manner. However, the second 

manufacture who has not to estimate this situation leads to sudden shock. Consequently, the second manufacturer 

cannot easily adjust to make effective preparation and may lose its situation in the market. Thus, it can cause 

significant failure. 

4.3. Sensitivity analysis of the Stackelberg game approach 

After analyzing the Nash game approach, the effect of the tax policy considering the government as a leader is 

investigated by designing and implementing a Stackelberg game. Figure 9 indicated that by considering a tax de-

duction policy before occurring price shock, the government’s profit increased with the increasing of the θ and r 

parameters concurrently. However, when the price shock is happening, the government's profit decreases with the 

increase of the parameter as it is shown in Figure (10). 

 

Figure 9. Effect of 𝜇 and θ parameters on the government’s profit simultaneously in the first scenario 

Managerial insight 3: By designing a two-stage Stackelberg game, the obtained results verified that the tax deduc-

tion policy is an effective strategy before the occurring price shock. However, the price shock caused the economic 

recession where the tax deduction policy reduces dramatically government’s profit and it is not suggested as an 

appropriate policy in the second scenario. 

 

Figure 10. Effect of 𝜇 parameter on the government’s profit in the second scenario 
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5. Discussion and obtained implications 

In this section, we present a summary of results obtained in two scenarios also in both Nash and Stackelberg game 

approaches in the following point. 

1) As it is discussed in section 4.1, before occurring price shock, the increase in the market forecasting and 

customer expectation parameters can lead to more production quantity as well as profit for the first man-

ufacturer. In contrast, increasing these two parameters has a negative impact on the production quantity 

and profit of the second manufacturer. 

2) The results showed that after happening price shock we faced two periods. In the beginning of price shock 

the profits of both manufactures starts to increase. The sensitivity analysis confirmed that this increase is 

more remarkable for first manufacture by considering market forecasting. By intensifying the price shock 

in the second period, the manufactures experienced the significant decrease in their profits. However, the 

decrease in the second manufacturer’s profit is more remarkable due to the lack of the market forecasting 

ability. 

3) The market forecasting and customer expectation are introduced as two highlighted parameters that have 

a significant effect on the manufacturer’s profitability that not discussed in previous pricing problems. 

The proposed pricing models show how the profit, price and production quantity can be affected by mar-

ket forecasting and customer expectation for two manufactures in the supply chain before and after hap-

pening price shock (Equilibrium equations (9-16)) 

4) By government intervention and analyzing tax deduction policy, it can be inferred that tax deduction 

policy can be an effective strategy before occurring price shock. In contrast, after price shock is happening, 

it causes the significant reduction in the government’s profit.  

6. Conclusion 

Price shock and volatility are known as the key factors that affect the variables and economic activities. These 

critical phenomena result from political and economic crises and such other external factors. One of the conse-

quences of this kind of economic phenomenon is the reduction in the production quantity and also immediate rise 

in prices. Therefore, it is very important to consider and recognize price shocks in pricing mechanisms. However, 

in the large amount of economic literature, several studies analyzed and modelled price shock and volatility in 

different markets, no study is considered pricing modeling procedure considering price shock by applying game 

theory approach. Therefore, in this paper, for the first time, the pricing mechanism for two substation product is 

proposed to consider market forecasting, consumer behavior, as well as the government’s policies in two scenarios 

before and after the price shock occurred. Therefore, in the first step, the simultaneous Nash game approach is 

applied and in the second step, a two-stage game model is proposed to formulate the defined problem using 

Stackelberg game. Furthermore, comprehensive numerical analysis of the main parameters is provided in this 

study. As a result, the main objective of this research can be summarized in following points: 

• In this paper, a new pricing mechanism for manufacturers who produce substitution products in a  duo-

poly, using a Cournot model considering price shock as a key factor affecting the price, the amount of 

production and profits of the manufacturers is proposed for the first time. 

• The market forecasting and customer behavior are addressed as two effective parameters.  

• The Sensitivity analysis is proposed under two scenarios (before and after occurring price shock). 

• The effectiveness of the government policy (tax deduction) is investigated for defining the problem by 

designing a Stackelberg game. 

The parametric analysis results of the crucial parameters indicated that before occurring the price shock, the market 

forecasting parameter plays an important role in the profitability of the first manufacturer. Manufacturers by ana-

lyzing and estimating the future of the market can increase the profit and production quantity before occurring 

price shock. Another important implication yielded in this study is that with the presence of the price shock, we 

are faced with a recession. In such a way that prices increase immediately, production quantity is decreased as 

well as manufacturers’ profit. However, this reduction in the profit and the amount of production quantity for the 

first manufacturer who estimates and forecasts this phenomenon is less than the other manufacturer. Even though 

at the beginning of the price shock, manufacturers’ profit may increase as a result of the immediate increase in the 

prices, but with rising the effect of the price shock, manufacturers' profits will decrease dramatically due to rising 
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production costs. This reduction in profits for the manufacturer who predicted the price shock is less than the other 

manufacturer. Also, by reformulating this problem and considering the government as a leader, it can be inferred 

that tax deduction policy can be an effective policy only before happening price shock. As a research direction for 

future studies, the defined problem in this study can be addressed in the energy market where oil price shocks are 

a common phenomenon. Besides researchers can examine this problem by considering more than two manufac-

turers and reformulate the problem, using an evolutionary game approach. 

Appendix A 

To investigate the concavity of the profit functions in section 3.3, the second derivative of the functions is calculated 

with respect to decision variables given in Eq. (A.1) and (A.2). The following equations verified that the second 

derivation is negative and satisfied with the concavity of utility functions. 

𝑑𝜋1𝑁
2

𝑑𝑞1𝑁
2 = −

2

𝜃
 (A.1) 

𝑑𝜋2𝑁
2

𝑑𝑞2𝑁
2 = −2 (A.2) 

Similar to the previous scenario, the concavity of utility functions is proven by Eq. (A.3) and (A.4). Where represent 

the second derivation of the utility functions. 

𝑑𝜋′
1𝑁

2

𝑑𝑞′
1𝑁

2 = −
2

(−𝜃 + 𝜇)2
 

(A.3) 

𝑑𝜋′
2𝑁

2

𝑑𝑞′
2𝑁

2 = −
2

𝜇2 
(A.4) 

Declaration of interests 

The author declares that they have no known competing financial interests or personal relationships that could 

have appeared to influence the work reported in this paper. 

 

References 

B. Khorshidvand, H. Soleimani, S. Sibdari, MMS. Esfahani, "A hybrid modeling approach for green and sustainable closed-loop 

supply chain considering price, advertisement and uncertain demands", Computers & Industrial Engineering, 2021. Vol.157. 

B. Khorshidvand, H. Soleimani, S. Sibdari, MMS. Esfahani, "Developing a two-stage model for a sustainable closed-loop supply 

chain with pricing and advertising decisions", Journal of Cleaner Production, 2021. Vol.309. 

B. Khorshidvand, H. Soleimani, S. Sibdari, MMS. Esfahani, "Pricing strategies in a dual-channel green closed-loop supply chain 

considering incentivized recycling and circular economy", Journal of Cleaner Production, 2023. Vol.423. 

B. Khorshidvand, H. Soleimani, S. Sibdari, MMS. Esfahani, "Revenue management in a multi-level multi-channel supply chain 

considering pricing, greening, and advertising decisions", Journal of Retailing and Consumer Services, 2021. Vol.59. 

G. Zhang, B.E. Patuwo, M.Y. Hu, "Forecasting with artificial neural networks: the state of the art", International Journal of Fore-

casting, 1998, Vol.14,pp.35–62. 

G.S. Day, "Closing the marketing capabilities gap", Journal of marketing, 2011, Vol. 75, pp. 183-195. 

J. Cai, H. Sun, X. Hu, W. Zhang, " How reverse information sharing supports pricing and sales effort decisions: Signaling game-

based incentive mechanism design ", Computers & Industrial Engineering , 2023, Vol. 177. 

K. Sohag, A. Sokhanvar, Z. Belyaeva, SR. Mirnezami , "Hydrocarbon prices shocks, fiscal stability and consolidation: Evidence 

from Russian Federation", Recource Policy, 2022,2, Vol.76. 

L Kilian, X Zhou, "A broader perspective on the inflationary effects of energy price shocks", Center for Financial Studies Working 

Paper, 2023, No.686, 

L.M.A.Chan, ZJ.Max Shen, D.Simchi-Levi, JL.Swann, "Coordination of pricing and inventory decisions: A survey and classifica-

tion", in Handbook of quantitative supply chain analysis, 2004, Springer, pp. 335-392. 



155 Z.Hajirahimi 

 

M Kröger, M Longmuir, K Neuhoff, F Schütze," The price of natural gas dependency: Price shocks, inequality, and public policy 

", Energy Policy , 2023,Vol.175. 

M. Esmaeili, G. Allameh, T. Tajvidi, "Using game theory for analysing pricing models in closed-loop supply chain from short-

and long-term perspectives", International Journal of Production Research, 2016, Vol. 54,pp. 2152-2169. 

M. Karakul, L.M.A. Chan, "Analytical and managerial implications of integrating product substitutability in the joint pricing and 

procurement problem", European Journal of Operational Research, 2008, Vol. 190, pp. 179-204. 

M. Lang,  N. Bharadwaj, C.A. Di Benedetto, "How crowdsourcing improves prediction of market-oriented outcomes", Journal of 

Business Research, 2016, Vol. 69, pp. 4168-4176. 

M. Mahdavisharif, Morteza Kazemi, Hamed Jahani & Faezeh Bagheri, " Pricing and inventory policy for non-instantaneous de-

teriorating items in vendor-managed inventory systems: a Stackelberg game theory approach ", International Journal of Systems 

Science: Operations & Logistics, Vol.10, 2023. 

N. Bharadwaj, C.H. Noble, "Innovation in data‐rich environments", Journal of Product Innovation Management, 2015, Vol. 32, 

pp. 476-478. 

NI. Volkov, K Yuhn, "Oil price shocks and exchange rate movements", Global Finance Journal, 2016, Vol. 31, pp. 18-30. 

P. Alessandri,  H. Mumtaz, "Financial conditions and density forecasts for US output and inflation", Review of Economic Dy-

namics, 2017. Vol.24, pp. 66-78. 

Q. Zhang, Y. Hu, J. Jiao, S. Wang, "Is refined oil price regulation a “shock absorber” for crude oil price shocks?  ",Energy Policy , 

2023,Vol.173. 

R. Aloui, MSB. Aïssa, DK. Nguyen, "Conditional dependence structure between oil prices and exchange rates: a copula-GARCH 

approach", Journal of International Money and Finance, 2013, Vol. 32, pp. 719-738. 

 R.A. D'Aveni, G.B. Dagnino, K.G. Smith, "The age of temporary advantage", Strategic management journal, 2010, Vol. 

31, pp. 1371-1385. 

S. Safarzadeh, M. Rasti-Barzoki, "A game theoretic approach for pricing policies in a duopolistic supply chain considering energy 

productivity, industrial rebound effect, and government policies", Energy, 2019, Vol.167, pp. 92-105. 

S.Rahman," The asymmetric effects of oil price shocks on the U.S. stock market", Energy Economics, 2022, Vol.105. 

SA. Basher, AA. Haug, P. Sadorsky, "The impact of oil-market shocks on stock returns in major oil-exporting countries. Journal 

of International Money and Finance", 2018, Vol. 86, pp. 264-280. 

W. Soon," A review of multi-product pricing models", Applied mathematics and computation, 2011,Vol. 217,pp. 8149-8165. 

X. Ai, J. Chen, H. Zhao, X. Tang, "Competition among supply chains: implications of full returns policy", International Journal of 

Production Economics, 2012, Vol. 139, pp. 257-265. 

X. Gao, W. Fang, F. An, Y. Wang, "Detecting method for crude oil price fluctuation mechanism under different periodic time 

series". Applied energy, 2017, Vol.192, pp. 201-212. 

Y. Hirose, T. Kurozumi, "Identifying news shocks with forecast data", Macroeconomic Dynamics, 2019, pp. 1-30. 

Y. Huang, Y. Wang, N. Liu," A two-stage energy management for heat-electricity integrated energy system considering dy-

namic pricing of Stackelberg game and operation strategy optimization", Energy, 2022, Vol.244. 

Y. Lee, B.W. Brorsen, "Permanent Breaks and Temporary Shocks in a Time Series", Computational Economics, 2017,Vol. 49, pp. 

255-270. 

. Ling, J. Xu, MA. Ülkü, " A game-theoretic analysis of the impact of government subsidy on optimal product greening and pric-

ing decisions in a duopolistic market ", Journal of Cleaner Production, 2022, Vol. 338. 

Z. Hajirahimi, M.Khashei, "Hybrid structures in time series modeling and forecasting: A review", Engineering Applications of 

Artificial Intelligence, 2019,Vol. 86, pp. 83-106. 

 


