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Abstract. In recent years, with the improvement of the national economy,
the improvement of living standards and the deepening of people's
understanding of coffee culture, China's coffee market has entered a period
of rapid development. The number of coffee brands and chain stores has
increased rapidly, and coffee culture has gradually integrated into people's
daily lives. In order to better and faster occupy the domestic coffee market,
the two major coffee giants Luckin Coffee and Kudi have chosen price war
as their main strategy. This study uses the prisoner's dilemma, the Bertrand
model and repeated games to analyze the price game competition behavior
between enterprises, and explores how enterprises can more effectively deal
with the risks of price wars and reduce the negative impact of price wars.
The results show that enterprises can enhance their market competitiveness
through non-price competition (such as product differentiation, brand
building, customer loyalty, etc.), and at the same time stabilize market prices
through cooperation and tacit understanding to ensure the long-term
sustainable development of enterprises. The effectiveness of these methods
has been tested, and relevant strategic recommendations have been put
forward.

1 Introduction

With the continuous development of social economy, China's coffee market continues to
expand. Among the many coffee brands, Luckin Coffee and Kudi Coffee rank at the top. In
order to expand their market share, the two companies often compete fiercely through price
wars. They attract consumers and enhance their competitiveness by issuing low-price
coupons. Price wars will directly affect consumers' purchasing decisions, especially in a
price-sensitive market environment [1]. In February 2023, Kudi Coffee launched the
"Hundred Cities and Thousands of Stores Coffee Carnival" event, with more than 70 products
starting at 9.9 yuan. In April of the same year, Luckin Coffee followed suit and announced
that it would launch 9.9-yuan coupons in Luckin stores near the newly opened Kudi stores
[2]. By June 2023, Luckin Coffee further expanded the scale of the event and launched the
"Ten Thousand Stores Celebration" event, promoting the 9.9-yuan coupon to all stores
nationwide, and in August officially announced that the 9.9 yuan discount would be a long-
term promotion strategy. Price wars within a reasonable price range will help companies
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expand and further improve their competitiveness. However, vicious price wars will cause
companies to suffer continuous losses and are not conducive to their long-term development.
Many companies have experienced financial pressure in price wars, especially in the initial
stages of cost pressure and profit squeeze [3].

Studies have shown that low-price discounts can effectively attract consumers, but long-
term reliance on price discounts may weaken the brand's perceived value. The performance
of Luckin Coffee and Kudi Coffee in price wars reflects this, especially the financial
fluctuations in the early stages of the promotio. Luckin Coffee and Kudi Coffee's price war
strategies fully utilize consumers' price sensitivity, but they also face challenges in
consumers' brand loyalty [4-6]. This paper takes Luckin Coffee and Kudi Coffee as research
objects, conducts in-depth analysis and exploration of the price competition strategies of both
parties, summarizes the success points, optimizes sales strategies based on this, proposes
strategies to deal with price war risks, analyzes the effectiveness of the strategies, explores
the feasibility of non-price competition strategies, and puts forward improvement suggestions
[71.

Research had shown that enterprises should have constantly explored their own potential
to introduce product differentiation, developed their own distinctive products, avoided price
wars caused by enterprise pricing, which led to disorderly competition and vicious
competition in the market, and promoted the healthy and sustainable development of the
country's market-oriented reforms [8].

Some studies had used repeated games to analyze the cooperation path between
enterprises and had proposed that establishing a long-term cooperative relationship was likely
to solve the prisoner's dilemma. Regardless of whether the game parties had adopted a trigger
strategy or a tit-for-tat strategy, they would have spontaneously punished the non-cooperative
party in the next round, which would have helped to establish a long-term and stable
cooperative relationship between each other. If enterprises wanted to develop steadily and
make profits, they should have cooperated for mutual benefit [9, 10].

Some scholars' research on price wars had mainly revolved around the low-price bidding
behavior as a strategic behavior in the game between enterprises. Dong had used the Bertrand
model to conduct data analysis and had proved through analysis that the low-price bidding
behavior was the result of the Bertrand price game between the parties in the market and was
a strategic behavior in the game between enterprises [3]. Wu had believed that any form of
competition was initially based on "price" or "output," but ultimately it came down to quality
competition. Only by maintaining continuous innovation and progress could one maintain an
absolute advantage and survive [11].

In recent years, with the continuous expansion of the Chinese coffee market, although
some researchers had analyzed Chinese coffee companies and had pointed out the problems
with their marketing strategies, such as the single product variety, lack of innovation, and
gradually reduced profits, there had still been deficiencies in the research on price wars
between companies in the coffee market. Based on the above, this paper aimed to further
study the price war in the Chinese coffee market, use the Bertrand price competition model
of product differentiation and repeated games, analyze the process of price wars, and explore
the effectiveness of corporate differentiation and cooperation in dealing with price wars.

2 Equations and mathematics

2.1 Problem setting

This paper establishes a prisoner's dilemma game to further analyze the competitive behavior
of the two oligopolistic enterprises, Luckin Coffee and Kudi. The four strategy combinations
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of the two parties in the game are: (price reduction, price reduction) (no price reduction, no
price reduction) (price reduction, no price reduction) and (no price reduction, price reduction).
For analysis, this paper established a game matrix, marked Luckin Coffee as A and Kudi as
B, and assumed that the daily income of both parties is (3,3).

When both parties choose not to reduce prices, the income of A and B is 3; if both parties
choose to reduce prices, the income of both parties will drop to 2. If A chooses to reduce
prices and B does not, A's income will rise to 4, while B's income will drop to 1; conversely,
if A does not reduce prices and B chooses to reduce prices, A's income will be 1, while B's
income will increase to 4. In this case, if A and B both choose not to reduce prices, their
respective incomes are 3. However, in order to obtain higher income, A will choose to reduce
prices because this will increase A's income from 3 to 4. Similarly, when B faces a choice, if
A does not lower the price, B can increase his profit from 1 to 4 by choosing to lower the
price. Therefore, in order to maximize his personal interests, B will also choose to lower the
price. In the end, both parties choose to pursue their own maximum interests, thus forming a
Nash equilibrium state, that is, (lower price, lower price) (Table 1).

Table 1. Prisoner's Dilemma Analysis

B: Price reduction B: No price reduction
A: Price reduction (2,2) (4,1)
A: No price reduction (1,4 (3,3)

2.2 Bertrand price model

Some scholars' research on price wars mainly revolves around the low-price bidding behavior
as a strategic behavior in the game between enterprises. Dong used the Bertrand model to
conduct data analysis, and proved through analysis that the low-price bidding behavior is the
result of the Bertrand price game between the parties in the market, and is a strategic behavior
in the game between enterprises [3]. Based on this, this paper further studies the Bertrand
price competition model of product differentiation and explores the effectiveness of
enterprise differentiation in dealing with price wars.

Bertrand, a famous French economist, proved that under the assumption that the products
of enterprises are homogeneous, when enterprises adopt price as their own competitive
strategy, the profit of enterprises is zero under equilibrium conditions when the price is equal
to the marginal cost, which is the so-called "Bertrand paradox" (Table 2).

The way to solve this paradox is to introduce product differentiation. Under the
assumption that the products of the game parties are different in quality, brand, etc., the
Bertrand game model is constructed for analysis. Assume that the prices of the above-
mentioned companies A and B are pl and p2 respectively. Therefore, construct their
respective market demand:

¢1 = a—bp; +cp, )
g, =a—bp; +cp, )
Table 2. Variable Description Table

Symbol Meaning
pl Luckin Coffee Price
p2  Price of Kudi Coffee
ql Market demand for Luckin Coffee
q2  Market demand for Kudi coffee
a The largest potential demand in the market

b The sensitivity of demand to its own price (self-price elasticity coefficient, b>>0)
c The sensitivity of demand to competitors’ prices (cross-price elasticity coefficient, 0<c<b)
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3 Results and discussion

3.1 Preliminary work

Assuming that the marginal cost of the two enterprises is zero (i.e. MC1=MC2=0), their profit
function can be expressed as:

T, = p1q1 = p1(a — bpy + cpy) 3)
Ty = P2qz = p2(a — bp, + cp,) “4)
Derivative of m; with respect to p;:
?za—Zb-p1+c-p2=0 %)
Py
a+c,
pL==" (6)
Derivative of , with respect to p,:
?=a—2b-p2+c-p1=0 @)
Py
+
p, = 22 ®
Substituting the function of enterprise a into the function of enterprise b, the paper gets:
(a+c-py)
a+c——7"=>
D, = Tﬂr 9
Expand and simplify:
=& ¢ atcps
P2 =5, %5 2b (10)
=2 ,ca D2
P2 =t e e an
Solve for p,:
a(2b+c)
27 gz (12)

Similarly, substituting the function of firm b into the function of firm b, the paper obtains the

equilibrium solution of p,:
__a(2b+c)

= 13)
1 4b2—c? (
The price Nash equilibrium of the two enterprises in the market is:
a(2b+c)
pl = pZ = 4b2—c2 (14)

In summary, since the products of the two companies are differentiated, the equilibrium price
will not drop to the marginal cost as in the Bertrand model of homogeneous products (i.e.,
the "Bertrand paradox"). Since the products are differentiated (consumers have different
preferences for the two coffee brands), the demand of the two companies does not rely
entirely on price competition, but also on the brand effect brought about by product
differentiation. This allows companies to increase their market share through differentiated
advantages (such as improving product quality, improving consumer experience, etc.) in
competition, rather than just relying on price wars. In a market with differentiated products,
companies can achieve an equilibrium state by adjusting their pricing strategies. The higher
the degree of product differentiation, the greater the space for companies to compete through
non-price factors (such as brand, quality, and service), the intensity of price competition will
be relatively reduced, and the market will present a healthier and more orderly competition
situation. Companies should continue to strengthen the differentiation of products and
services, increase the advantages of non-price competition through brand building, customer
experience improvement, and reduce dependence on price wars.

Although Luckin Coffee and Kudi's coffee products are both coffee, they differ in brand,
product variety, and consumer experience. According to the Bertrand model, assuming that
both companies offer products with certain differentiation (such as unique coffee recipes,
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high-quality customer service, etc.), their pricing strategies will not completely drop to
marginal cost.

In practice, the price war between Luckin and Kudi did not reduce prices to marginal cost.
This shows that product differentiation allows the two companies to maintain a certain price
level in the market. For example, although both companies adopted a promotional price of
9.9 yuan, due to the differences in products (such as coffee types, store atmosphere, etc.),
consumers' price sensitivity has decreased. Therefore, in addition to price competition, the
two companies can use brand effects and product differentiation to maintain a higher price
level and achieve profitability.

3.2 Repeated game analysis

Assume that two companies (Luckin and Kudi) play an infinitely repeated game in the
differentiated product market. In each period, the companies have two choices: maintain high
prices or reduce prices. The ruthless strategy means that once a company chooses to reduce
prices in any round, the other company will permanently choose low prices in all subsequent
rounds to punish the other party (Table 3).

Table 3. Variable Description Table

symbol
Py High price when both parties cooperate (collusive price)
pL Low price under price reduction strategy (price war price)
Ty The profit per period of enterprises when colluding on high prices
Ty The profit per period of a company in low-price competition (price war)
s is the discount factor, which represents the present value weight of
future income(0 < § < 1)
vy Maintain the discounted value of a high-price strategy
vp Discounted value of price reduction strategy

For an infinitely repeated game, the benefit of the firm choosing to maintain a high price can
be expressed as the sum of discounted benefit streams:

Ty

Uy =15 (15)

If the company chooses the price reduction strategy, its short-term benefits in the first round
are:

np = pLqp = p.(a — bpy, + cpy) (16)

After the price reduction, the price in the remaining periods drops to p; because the other
party adopts a ruthless strategy, and its profit per period is ;. Therefore, the discounted

profit of the price reduction strategy is:
5
UD =Tp + 1TT[§ (17)
In order to form a subgame-refined equilibrium, the enterprise's discounted benefit v, must

be greater than or equal to the price reduction benefit v, that is:

Ty 6'7TL
s =>T1np + s (18)
my=(1—-68)nmp,+6 7 (19)
This inequality is the condition for the collusive high-price strategy to become a refined

equilibrium.
In infinitely repeated games, companies use ruthless strategies to help maintain high-price
collusion to avoid profit losses caused by price wars. The specific analysis is as follows:
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High discount factor promotes cooperation: When § is larger, that is, companies attach
more importance to future profits, the attractiveness of collusion increases. At this time,
companies are more inclined to maintain high prices to obtain long-term stable profits.

The trade-off between the short-term attractiveness of price reduction and long-term
punishment: Once a company reduces its price, it may gain higher market share and profits
in the short term (7p), but as another company retaliates with a ruthless strategy, all future
period earnings will fall to a low level (m;). Therefore, when 6 is high, companies are more
likely to choose to maintain high prices to avoid long-term losses.

The impact of product differentiation: In the differentiated product market, consumers are
less sensitive to prices, and companies have greater opportunities to make profits through
non-price competition (such as brand differentiation, product quality improvement).
Therefore, the higher the degree of product differentiation, the greater the possibility of
collusion to maintain high prices.

From the above analysis, it can be concluded that in infinitely repeated games, the use of
ruthless strategies can effectively maintain high-price collusion among companies. When
companies value future earnings (high discount factor), collusion on high prices is more
likely to become a subgame refined equilibrium. Price reduction behavior between
companies may lead to a decline in long-term profits and weaken the overall competitiveness
of the market. Using ruthless strategies to maintain high-price cooperation helps reduce
losses caused by price wars and promote the stability and healthy development of the market.
Companies can improve their market pricing capabilities by enhancing product
differentiation (such as branding, product improvement, etc.) and reduce their dependence
on price wars, making it easier to reach high-price collusion and avoid vicious competition.
Companies should adopt a cooperative strategy in market competition to maintain high prices
and avoid long-term losses caused by price wars. This strategy is of great significance to
long-term cooperation between companies and stable market development.

It can be seen that in the price war between Luckin and Kudi, this paper can observe that
the game between the two companies has an indefinite repetitive feature. The price war in
early 2023 (Kudi's 9.9 yuan event) triggered Luckin's quick response (launching a 9.9 yuan
coupon). If the two companies continue to choose a price reduction strategy (price war), they
will face lower profit levels in the long run.

In order to avoid the loss of long-term profits, the two companies may choose to maintain
high prices, especially under the threat of ruthless strategies. For example, if Luckin Coffee
decides to stop price cuts and raises prices at a certain stage, and Kudi adopts a ruthless
strategy (maintaining low prices for a long time), Luckin Coffee may readjust its pricing
strategy in subsequent rounds to avoid continued low profits. Therefore, companies should
attach importance to future earnings (higher discount factor § ) and choose cooperation rather
than price wars to achieve long-term stable profits.

4 Conclusion

Kudi and Luckin should give priority to avoiding price wars and maintain higher market
prices through cooperation or tacit understanding to avoid short-term profit declines and
long-term brand damage. The two companies should enhance product differentiation,
develop new flavors, expand product lines, and enhance brand stories to reduce the impact
of price competition. Promote win-win cooperation, such as co-branded marketing, expand
market coverage, resist other competitors, and promote the healthy development of the
industry. At the same time, strengthen brand building and customer loyalty, and reduce price-
sensitive consumers. Companies should also reduce operating costs and achieve long-term
profitability through innovation and optimized management. Establish an internal price
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monitoring and rapid response mechanism, track price changes in real time, negotiate to set
a minimum price line, ensure price stability, and avoid vicious price wars.

References

[1] X. Peng. Research on the Development Strategy of Luckin Coffee Company under the
New Retail Model. Master's Thesis, Lanzhou University of Technology, Lanzhou,
China 3, 15-63 (2023).

[2] T. Li. Research on Marketing Strategies of Luckin Coffee. Modern Marketing (Late
Monthly) 10(05), 52-54 (2024).

[3] S. Dong. Research on Bertrand Price Game in International Engineering Bidding.
Heilongjiang Science 10(20), 154-155 (2019).

[4] J. Luo. Analysis of E-commerce Price Wars from the Perspective of Game Theory: A
Case Study of Tmall and JD's "618 Mid-Year Sale." Modern Mall 45(20), 20-22 (2021).

[5] H. Zhang. Analysis of E-commerce Price War Games. Cooperative Economy and
Technology 30(07), 97-99 (2023).

[6] Y. Yang. Research on Pricing Decision Behavior Games in E-commerce Platforms.
Modern Business 23(10), 39-42 (2023).

[7] C. Cheng, G. Li and Y. He. Analysis of Power Generation Companies' Pricing Game
Based on the Bertrand Model. Journal of North China Electric Power University 34(04),
73-75 (2007).

[8] D. Wu. Oligopoly Game Competition Analysis of "Didi" and "Kuaidi" Based on the
Bertrand Model. Modern Business Trade Industry 36(09), 70-71 (2015).

[9] L. Guo, Y. Wu, F. Huang, et al. Repeated Game and Strategies of Upstream-
Downstream Cross-Border Basin Water Resources: A Case Study of the Aral Sea Basin.
Water Resources Economics 40(06), 16-23+102 (2022).

[10] N.Zhangand B. Li. Research on Precision Poverty Alleviation Cooperation Mechanism
of Local Governments Based on Repeated Games. Operations Research and
Management 31(11), 77-83 (2022).

[11] Y. Kong. Research on E-commerce Companies' Price Wars from the Perspective of
Game Theory: A Case Study of Meituan and Ele.me. Logistics Engineering and
Management 43(08), 105-108 (2021).



