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Abstract

Driven by government subsidies and advertising revenue, air taxis present an innova-
tive solution to alleviate traffic congestion and are poised for growth. However, at their
current stage of development, air taxi companies primarily operate short-distance routes
within cities and rarely offer intercity services. Moreover, as a new mode of transporta-
tion, air taxis experience low levels of consumer trust at present. This study, grounded
in the Hotelling model, examines differentiated decision-making scenarios between two
competing air taxi service providers. It systematically analyzes how service expansion
(specifically, the introduction of intercity services) and advertising strategies affect pricing,
market share, and profits. Furthermore, it explores optimal decision-making patterns under
external disturbances, providing theoretical support for service providers formulating
operational strategies. We constructed a differentiated decision-making game model to
simulate competition between Service Provider 1 (which does not offer intercity services
but may advertise) and Service Provider 2 (which advertises but may choose whether to
offer intercity services). By comparing game equilibrium outcomes under different decision
combinations, we identify threshold conditions for key variables (e.g., additional price for
intercity services and the advertising discount coefficient). The model is further expanded
to incorporate external disturbance factors, allowing for analysis of how such environments
influence the profitability of each decision pattern. Research has revealed that 1. offering
intercity services can increase a provider’s optimal price and market share, but only if the
“additional price for intercity services exceeds the threshold”; 2. both providers choos-
ing advertising services is the optimal strategy, but if the advertising discount coefficient
exceeds a reasonable range, it will intensify vicious competition. Therefore, it must be
controlled within the optimal threshold to avoid adverse effects; 3. under external distur-
bance conditions, service providers prefer models that do not involve intercity services,
and the “both parties advertise (NTX)” combination is more optimal. If intercity services
are necessary, disturbance risks must be carefully assessed, or flexible cost and operational
strategies should be implemented to hedge against negative impacts.

Keywords: hotelling model; duopoly competition; low-altitude economy; advertising
strategies; air taxi

1. Introduction

Currently, the issue of traffic congestion in China’s megacities and large cities is
spreading from morning and evening rush hours to around the clock. Commuting time
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keeps increasing, the supply and demand for road resources remain imbalanced, and
the efficiency of emergency transportation is low. According to the “2024 Commuting
Monitoring Report for Major Chinese Cities,” the average one-way commute time in
Beijing, Shanghai and Guangzhou reaches 47.2 min, 44.8 min, and 41.5 min, respectively,
with an increase of over 8% compared with 2020. More than 12% of commuters spend
over an hour on a one-way trip, which is equivalent to “losing” nearly 25 working days
annually to commuting [1]. Take Shenzhen as an example. In 2024, the city’s motor vehicle
ownership exceeded 4.2 million, but the total length of urban roads was only approximately
7000 km. These numbers equate to over 600 motor vehicles per kilometer of road—twice
the internationally recognized “congestion warning threshold” (300 vehicles per kilometer).
During morning and evening rush hours, the average speed of major roads such as Beihuan
Avenue and Shennan Avenue often falls below 15 km/h, even slower than the speed
of cycling [2]. Data from the emergency department of a hospital in Hangzhou in 2023
showed that 19% of ambulance delays were due to traffic congestion. Among these cases,
the longest delay lasted 28 min, which directly affected the treatment efficiency for critically
ill patients. Similar situations have been frequently recorded in emergency rescue statistics
from cities such as Chengdu and Wuhan [3].

To address the worsening urban traffic congestion and meet the surging demand for
efficient travel, urban air taxis (UAT) powered by electric vertical take-off and landing
(VTOL) technology have emerged as a transformative solution. Unlike traditional ground
transportation, UATs achieve VIOL through designs such as multiple rotors or compound
wings, eliminating the need for large-scale runways. They can utilize urban rooftops,
open spaces, and similar areas as take-off and landing sites, thereby leveraging low-
altitude airspace to avoid traffic congestion and provide increased flexibility and time
efficiency for urban and intercity travel [4]. Take the United Arab Emirates (UAE) as an
example. This country faces severe traffic congestion and long distances between major
cities, creating an urgent need to develop urban air mobility. China’s SDAT Technology
(Shanghai Shiji Technology Co., Ltd., Shanghai, China) has partnered with UAE-based
enterprises; the aircraft model it developed can carry five passengers and reach a cruising
speed of 260 km/h [1]. In China, the helicopter passenger route launched between Shanghai
and Kunshan serves as a valuable pilot initiative. Shanghai is actively advancing the low-
altitude economy and is expected to introduce more advanced UATs in the future. Bookings
can be made in advance through channels such as the Kunshan Terminal. Operators also
fully consider interfering factors like air traffic control and adverse weather to ensure travel
safety and efficiency. UATs are bringing new possibilities for alleviating traffic congestion
and enhancing travel efficiency.

The development of the air taxi industry is also driven by two key synergistic forces:
government subsidy policies and the emerging advertising economy. On the one hand,
government subsidies effectively reduce the travel cost burden for citizens, lower market
entry barriers, and accelerate the promotion and application of air taxi services [5]. On
the other hand, air taxis, characterized by their novelty and high visibility, hold significant
advertising value. This value not only opens up new marketing channels for advertisers
but also enables air taxi operators to reinvest advertising revenue into service optimization
(e.g., expanding fleet size and enhancing passenger experience), forming a sustainable
business cycle [6].

However, the commercialization and long-term sustainable development of air taxis
still face numerous critical challenges. For example, the current air taxi service in Shenzhen
operates only about 10 flights per day, highlighting the urgent need to increase service ca-
pacity while ensuring service quality. For air taxi operators, two core issues are particularly
prominent: pricing strategy and service innovation. Excessively high prices will suppress
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market demand, whereas excessively low prices may lead to operational losses because of
substantial fixed costs (e.g., aircraft procurement, maintenance, and airspace usage fees).
Additionally, how to meet diverse travel needs, such as business travel, emergency trans-
portation, and leisure travel, and continuously improve user experience remain unresolved
challenges for operators.

Especially in a duopoly market structure, air taxi operators face complex strategic
trade-offs: whether to expand into intercity services, whether to invest in advertising,
and how to respond to external disruptions (e.g., extreme weather, policy adjustments, or
fluctuations in energy prices). These decisions not only affect the operators’ own market
share and profitability but also reshape the competitive landscape of the entire industry.

Against this backdrop, this study aims to explore the optimal strategic choices of air
taxi operators in a duopoly context. By incorporating government subsidies and advertising
mechanisms into the theoretical analysis framework, this study addresses the following
three core research questions:

e Ina duopoly market, should air taxi operators offer additional intercity services? If so,
how should the optimal premium for such services be determined?

e  For the emerging air taxi industry, is advertising investment a viable strategy? If
viable, how does the advertising discount coefficient affect the profits of the operators
and their competitors? What is the optimal discount coefficient?

e  What effect do external disruptions have on air taxi operators? How should operators
mitigate these effects?

To answer these questions, this study constructs a duopoly competition model based
on the Hotelling linear market model [7]. Two air taxi service providers (Service Provider S;
and Service Provider S;) are considered: one provider does not plan to offer intercity
services at all, whereas the other retains the option to do so. Service Provider S, consistently
invests in advertising, whereas Service Provider S; decides whether to invest in advertising.
Based on this setup, four pricing and service strategy models are analyzed:

oNO mode (Service Provider S, does not offer intercity services; S; does not engage
in advertising): Neither Service Provider S; nor S offers intercity services; S; invests in
advertising, but S; does not.

oNT mode (Service Provider S, does not offer intercity services; S; engages in ad-
vertising): Neither Service Provider S; nor S, offers intercity services; S; and S; invest
in advertising.

oGO mode (Service provider S, offers intercity services; S; does not engage in adver-
tising): Service Provider S; does not offer intercity services, but S, does; S; does not invest
in advertising, but S, does.

oGT mode (Service provider S; offers intercity services; S; engages in advertising): Ser-
vice Provider S; does not offer intercity services, but S, does; S and S; invest in advertising.

In addition, an extended model considering the effect of external disruptions is in-
cluded. Equilibrium solutions under each mode are derived, and the influence of different
service modes on the equilibrium results is examined. Furthermore, this study investigates
how, in the context of government subsidies, air taxi service providers’ innovative service
strategies (offering intercity services), additional prices for such services, advertising in-
vestment and intensity, and external disturbance factors affect the strategy choices of the
providers and their competitors. Several interesting conclusions are drawn:

First, in the duopoly competitive market of air taxi service providers, one provider
may choose to offer intercity services. By doing so, it can increase its optimal price and
market share, thereby achieving higher profits. If a service provider chooses to offer
intercity services, the profits of both providers increase as the additional price for such
services rises. However, the provider must ensure that this additional price exceeds a
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critical threshold—only then will its profit from providing intercity services surpass that
from not providing them.

Second, in the same market structure, the advertising discount coefficient of one
provider exerts a significant competitive effect on the other’s profit. Furthermore, com-
petitors” advertising strategies have a strong moderating effect on a provider’s own profit.
If the other provider also invests in advertising, the marginal effect of its advertising dis-
count coefficient on its own profit increases. When a service provider chooses to invest in
advertising, an optimal threshold exists for its advertising discount coefficient—it should
be neither too high nor too low. At this threshold, the profit difference between conducting
advertising and not conducting advertising is maximized.

Third, under a disturbed environment, service providers should prioritize modes
that do not involve intercity services. The mode with mutual advertising promotion (the
NTX mode) performs more optimally under such conditions. If providers decide to offer
intercity services, they must carefully assess disturbance risks or adopt flexible cost and
operational strategies to offset negative effects.

Compared with existing studies in the field of air taxis, this study makes the follow-
ing contributions:

(1) It introduces two synergistic driving forces—government subsidies and the advertis-
ing economy—into the study of duopoly air taxi markets, expanding the dimensions
of strategic choice analysis. Previous studies have mostly focused on the technical fea-
sibility of air taxi or the behavior of a single market entity, lacking a unified theoretical
framework that accounts for interactions between multiple variables.

(2) It examines differentiated pricing and service strategy decisions of duopoly air taxi
service providers. Using the Hotelling linear market model, the study designs four
strategy models and an extended model considering external disturbances. Key
variables, such as intercity service premium and advertising discount coefficient, are
incorporated. Traditional applications of the Hotelling model tend to emphasize
price competition alone, without aligning with the diverse service types and frequent
external disturbances present in the air taxi industry.

(3) Most of the existing literature on air taxi strategy remains qualitative and disconnected
from the industry’s transition from technical feasibility to commercial sustainability.
By contrast, this study quantitatively derives key insights, including the critical
value for the optimal intercity service premium, the two-way competitive effect of the
advertising discount coefficient, and its optimal threshold. It also proposes sustainable
strategies for managing external disturbances, filling the gap between quantitative
research with practical decision-making in this field.

The structure of this paper is as follows: Section 2 reviews the literature, and Section 3
elaborates on model assumptions and the symbol system. Section 4 systematically analyzes
the equilibrium solutions under different strategies in the basic and extended models;
Section 5 compares these equilibrium solutions in a non-disturbed context. Section 6
provides numerical analysis and management implications, and Section 7 summarizes the
research findings. Detailed proofs are provided in the Appendix A.

2. Literature Review

This paper primarily covers research in three areas: (1) research on Hotelling model;
(2) research on the low-altitude economy; (3) research on duopoly competition; and (4)
research on advertising strategies. In this section, we review the relevant research in
each field.
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2.1. Research on Hotelling Model

Grau-Climent conducted numerical simulations of Hotelling games with elastic de-
mand [8]. The implemented simulation techniques enabled monitoring the correctness of
analytical solutions when available—such as in monopoly models—and explored scenarios
where analytical solutions were unavailable or difficult to find. Atewamba constructed an
empirical Hotelling model incorporating technological progress and population-dependent
extraction costs, empirically testing whether the model’s assumptions and predictions
aligned with patterns observed in the data [9]. Esteves and Carballo-Cruz extend the
classical Hotelling model by addressing two key constraints: the assumption of perfectly
inelastic demand and the exclusion of quantity-related transportation costs [10]. They find
that equilibrium prices and profits increase as stores become more differentiated, bridging
a significant gap in the spatial competition literature. Our findings indicate that, consistent
with the classical Hotelling model, prices and profits increase with store differentiation,
bridging a significant gap in the spatial competition literature. Esteves and Shuai leverage
the Hotelling model to assess the impact of firms’ ability to charge personalized prices on
profits and welfare in markets where consumer demand is sensitive to price changes [11].

2.2. Research on the Low-Altitude Economy

In the field of the low-altitude economy, current academic research mainly focuses on
the application of unmanned aerial vehicles (UAVs). For instance, through research, Zhou
found that high-energy-density fuel cells are more competitive than UAV batteries and
internal combustion engines in terms of weight, cruising performance, and carbon footprint.
The carbon offsets generated during the UAV’s operation phase can effectively reduce the
lifecycle carbon footprint of UAVs. Further implementation of policies, standards, and
regulations regarding UAV safety, data privacy, regulatory rules, and ground infrastructure
is required to promote the role of UAVs in enabling a sustainable low-altitude economy
within sustainable and smart cities [12]. Tan et al. reviewed the current status and research
progress of UAVs, as well as their policy impacts on the low-altitude economy. They
analyzed the key technologies of UAVs and interpreted their roles and implementation
mechanisms in scenarios such as urban carbon reduction, renewable energy assessment,
and pollution monitoring and source tracing [13]. Li and Zeng proposed the KESO au-
tonomous positioning method for drones, providing a reference for drone positioning
in urban environments under the low-altitude economy [14]. Li and Du developed an
iterative algorithm to study the dynamic optimization of eVTOL (electric Vertical Take-Off
and Landing) reserves at charging stations and total costs under fluctuating order surges
and charging constraints. To optimize costs, they proposed strategies such as multi-cycle
decentralized scheduling or low-frequency centralized decision-making. Their findings
revealed that cost parameters and demand characteristics collectively shape the incremental
decision-making of eVTOL and their economic performance [15]. Wang Y demonstrated
that UAVs can improve resource utilization efficiency in precision agriculture [16]. Fan
et al. proposed the integration of social radar and social vision based on the critical role
of intelligent vehicles in advancing the low-altitude economy, aiming to deliver more
efficient and safer services for this sector [17]. In terms of the future low-altitude intelligent
transportation system, Huang et al. proposed a framework for a future low-altitude intelli-
gent transportation (LAIT) system based on the hierarchical architecture of cyber-physical
systems (CPS), providing potential solutions for urban air transportation. They comprehen-
sively discussed the current status, challenges, and future development prospects of LAIT
from three key perspectives: system architecture, infrastructure, and key technologies [18].
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2.3. Research on Duopoly Competition

Research on duopoly competition focuses on multiple dimensions. Wang Yao con-
ducted an analysis using the Hotelling model and found essential differences between the
“series duopoly model” and “parallel duopoly model”: the series model may have lower
profits than a monopoly due to the “double marginalization effect”, while the parallel
model reduces prices and increases traffic flow through price competition [19]. Zhao et al.
explored the complex dynamics of demand uncertainty in duopolies within the framework
of the “carbon emission trading mechanism” and studied the complexity of adjusting
the dynamic evolution path of competitive strategies between the two entities [20]. Fanti
examined the relationship between market competition and corporate tax evasion in a
duopoly with differentiated products under the Bertrand and Cournot conjectures [21].
Chen et al. focus on differentiated duopolies involving both domestic and foreign firms in
the trade sector, analyzing the effects of product differentiation and productivity variance
on equilibrium outcomes. They find that differentiated products and tariffs exert differing
impacts on relevant entities and that the optimal tariff requires determination based on
parameters and the specific duopoly model [22]. Kuang et al. pointed out that in the case
of road delay hours, the series model may reverse its profit disadvantage [23]. The impact
of government policies on duopoly competition has also been thoroughly explored. In the
field of environmental regulation, the implementation of emission taxes can change the
stability of oligopoly equilibrium. Gori’s research shows that the optimal tax rate should be
lower than the marginal social damage cost of emissions, so as to balance the efficiency of
market competition and the goal of pollution control. In addition, the literature on platform
competition emphasizes the role of “multi-homing behavior” in promoting matching effi-
ciency [24]. Overall, research on duopoly competition focuses on the interaction between
market structure, user behavior, and policy intervention, providing a theoretical framework
for understanding the competitive dynamics of the modern transportation service market.

2.4. Research on Advertising Strategies

Numerous scholars argue that online advertising placement is a crucial factor in-
fluencing brand reputation, and increasing advertising investment can enhance brand
reputation [25]. Among them, Jorgensen holds that advertising placement exerts a positive
impact on brands [26]. Thomas suggests that advertising spillover effects occur when the
local advertising level is higher or lower than the locally optimal advertising level due
to the influence of other markets or individuals on mass advertising decisions [27]. Aust
and Buscher studied cooperative advertising, pricing strategies, and whether competing
retailers cooperate with each other. They found that cooperation between the two retailers
is more beneficial to manufacturers but offers no benefits to the retailers themselves [28].
Pricing strategies are closely associated with advertising placement. Bi et al. explored
the relationship between advertising and financing decisions in online supply chains, and
pointed out that advertising can reduce risks and is always beneficial; electronic platforms
are willing to support retailers only when retailers determine the advertising level [29].
Sayadi and Makui analyzed the advertising decisions made by retailers and manufacturers
for offline retail and online channels, respectively. They demonstrated that factors such as
the price difference between the product’s online price (set by the manufacturer) and whole-
sale price, advertising effectiveness, and advertising costs all have a significant impact on
advertising decisions in the equilibrium state [30].

3. Problem Description and Assumptions

This paper constructs a duopoly market consisting of two air taxi service providers
(Provider S; and Provider S;): one provider completely disregards offering intercity ser-
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vices, while the other considers providing them. Simultaneously, Provider S, continuously
invests in advertising campaigns, whereas Provider S; deliberates whether to engage in
advertising (as illustrated in Figure 1 and Table 1). The objective of each provider is to
determine service pricing that maximizes profits [31]. For example, the domestic air taxi
duopoly represented by EHang Intelligent (Guangzhou EHang Intelligent Technology Co.,
Ltd., Guangzhou, China) (focusing on local services, not yet involved in intercity services,
and with strong advertising efforts) and Shihui Technology (planning intercity services,
with relatively lagging advertising) competes for market share through differentiation
strategies to achieve profit maximization.

AdvertisingT’
Service

ProviderSy

No intercity service
available

AdvertisingO
consumers
Intercity service

Service P B I-o availableG
Advertisi
ProviderSa MECRINE \’(1

NS No intercity service
available NV

Advertising Placement Strategy H
Government Government

Service Strategy subsidiesm subsidiesn.

Government subsidies

Figure 1. Market structure.

Table 1. Strategy differences visualization table.

Strategy Classification NO NT GO GT

Variable behavior

Service Provider Sy: Is this advertising? X Vv X Vv

Service Provider S: Do you offer « « .
intercity services?

Fixed behavior
Service Provider S;: Do you offer

. : . X X X X
intercity services?
Service Provider S;: Is this advertising? Vv Vv V N4

. . 51 No Ads + Sz Sl Ads + Sz 51 No Ads + Sz 51 Ads + 52
Summary of strategic differences No Intercity No-Intercity Intercity Intercity

4/ indicates yes, x indicates no.

Service Provider: Assume the leftmost position 0 represents Service Provider 1, with
price P; and unit cost Cy; the rightmost position 1 represents Service Provider 2 [32],
price Py, unit cost C; (C1=C,) [33,34]. Service Provider 1 only offers intracity transportation
services, not intercity services, while Service Provider 2 can provide intercity services.
When Service Provider 2 offers intercity services at price Py, it incurs additional cost kpps,
where k is the cost coefficient for intercity services provided by Service Provider 2, and
k € (0,1), generating additional utility VO [35].

Consumer: Assume consumers are uniformly distributed between two service
providers. Starting from point x, consumers choose one service provider between Provider 1
and Provider 2, as shown in Figure 2. Provider 1’s market share is distributed in [0, x|, while
Provider 2’s market share is distributed in [x, 1]. The transportation cost for consumers
to reach a service provider is proportional to the distance from the provider, with a unit
transportation cost of t. If traveling from Provider 1, the transportation cost is tx; if traveling
from Provider 2, the transportation cost is t(1—x) [36,37]. This Hotelling linear model is
widely used to characterize price competition among firms under horizontal differentiation,
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as seen in studies by Li [38], Xu and Huang [39], and Wang et al. [40]. Assume consumers’
maximum willingness to pay for both providers is V and that willingness to pay V is
sufficiently large.

Service ProviderS: Service ProviderS:
[ ®
0 X 1
| Market Share of | Market Share of |
Service Provider Si Service Provider 52

Figure 2. Duopoly market.

Government Subsidies: As the low-altitude economy remains in its nascent stage,
public awareness and trust in this sector remain low. Consumers require considerable
time to embrace and trust air taxi as a novel mode of transportation. To enhance eco-
nomic, cultural, and personnel exchanges between regions, promote coordinated regional
development, and accelerate the growth of the low-altitude economy industry, the govern-
ment will provide subsidies to enterprises offering intercity services at a fixed rate of m,
m € (0,1) [41]. For instance, Zhuhai’s Measures to Support High-Quality Development of
the Low-Altitude Economy grants a subsidy of CNY 300 per flight to low-altitude economy
enterprises that establish and commercially operate (public ticketing) approved eVTOL
passenger intercity routes within Zhuhai. Simultaneously, to encourage enterprises, institu-
tions, and citizens to use air taxis, the government provides consumer cost subsidies at a
rate of n, n € (0,1). For instance, Shenzhen’s Pingshan District introduced a fixed-route
helicopter subsidy policy in 2024, reducing air commuting costs to CNY 980 per person.
Furthermore, Longgang District subsidizes public-benefit “air taxi” routes. Taking the
Galaxy Twin Towers to Bao’an International Airport as an example, chartered flights under
government subsidies are significantly below market rates, costing only CNY 6800.

Advertising Placement: As an innovative transportation mode, air taxis face low
consumer recognition and trust in this new travel option. To establish a positive brand
image and enhance consumer utility, service providers will choose to advertise to increase
perceived value and expand market demand [42,43]. At this stage, service providers may
choose to advertise or refrain from advertising. If advertising is employed and includes
coupons, this is defined as the advertising discount coefficient 6;,6; € (0,1). Regarding
advertising intensity ¢;, referring to research by Aust and Buscher [29], since the marginal
cost of advertising investment increases continuously, the cost of advertising placement is
assumed to be %(piz [44]. For specific parameters, see Table 2.

Government subsidies alleviate the initial financial pressure on air taxi companies
by covering their R&D, operational, and partial marketing costs. This enables them to
invest in advertising campaigns with the necessary resources and confidence, effectively
underpinning these promotional efforts. Meanwhile, corporate advertising translates
the cost savings and compliance benefits from subsidies into tangible value for users—
such as “lower fares thanks to subsidies” and “Compliant companies are more reliable”.
This approach rapidly builds market awareness for air taxis as a new transportation
option, attracting consumers. Simultaneously, it provides feedback on user needs to guide
government adjustments in subsidy allocation (e.g., shifting from fare subsidies to helipad
construction subsidies), making subsidies more precise and efficient, thereby enhancing the
effectiveness of government subsidies. This creates a virtuous cycle. Therefore, this paper
integrates government subsidies with advertising campaigns to explore optimal strategies
for maximizing corporate profits, considering the industry’s initial characteristics of high
costs, low trust, and weak demand.
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Table 2. Symbol definitions.

Parameter Symbol Parameter Description
D; Market demand
U; Consumer utility
M Service provider profit
p; Service provider pricing

The share of intercity services provided by Service Provider 2
when offering intercity services

@i Advertising intensity

N Advertising cost parameters

0; Adpvertising discount factor

\% Maximum willingness to pay

Vo The additional utility provided to consumers by intercity services
G Service provider unit cost

k Service Provider 2’s additional cost factor for intercity services
m Government subsidies for enterprises providing intercity services
n Government subsidy ratio for air taxi consumers

4. Model Developments and Analysis
4.1. The Model

This paper constructs a duopoly market consisting of two air taxi service providers
(Provider S; and Provider S;). Considering whether to engage in advertising campaigns
and whether to offer intercity services, the market is divided into four distinct strategies.

4.1.1. Mode NO

In this scenario, neither Service Provider S; nor Service Provider S, offers intercity
services, so the enterprise receives no government subsidies. However, the government
continues to subsidize consumers as usual. Since Service Provider S, runs advertisements,
its consumers receive an advertising discount, while S;’s consumers do not. Both service
providers adjust their prices to maximize their respective profits. Consumers deriving
final utility from receiving services at point x from either service provider on either end
experience identical utility; that is

Ui=V—Pi(1—n)—tx=Up=V — Po(1 —n) + 6,7, — t(1 — x) (1)

At this point, the market demand for Service Provider S; and Service Provider S, can
be obtained as follows:

{ Dl =x = ( 1+1’1)P1+t P2( 1+1’l+92)

(1- n)P1+tz+P2( 1+1+0,) (2)
D2 =1—-x= 5

At this point, the profit functions for Service Provider S; and Service Provider S; are,
respectively,

{ m o= (P1—C1)((—=14n)P1+t—Py(—14n+03))

2t (3)
Py—Co)(PL(1—n)+t+Py(—14n+65))  n¢®
2

7'[2:( 27

Based on the optimality conditions aﬂl =0and 8"2 = 0, we obtain the following:

Proposition 1. Equilibrium Outcomes under NO Mode:
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(1)  The optimal price and demand are
S 3t4C(=343n+6,) ~* 1 ce
PU=""5mmg D =% @
B —3t+C(—3+43n+26,) N _ 1, Cé
Py = 3(—1+n+6) Dy =5+%
(2)  The optimal profit function for Service Provider 1 and Service Provider 2 is
ok (=3t+Chy)?
7Tl - 18(714’11)15 (5)
¥ (3t4CO) 49t (—1+n+6;) 9>

T = 18H(—1+1+6,)

For specific evidence, see the Appendix A.1.
From Proposition 1, we derive the following:

Corollary 1.

(1) CO <3t,n+6, <1

(2)  The optimal prices for Service Provider 1 and Service Provider 2 are influenced by government
subsidies, advertising discount coefficients, unit costs, and transportation unit costs. Both
Service Provider 1 and Service Provider 2's optimal prices increase as the government subsidy
ratio n to consumers rises. Service Provider 1’s optimal price is inversely proportional to
Service Provider 2’s advertising discount coefficient, while Service Provider 2’s optimal price
is directly proportional to its advertising discount coefficient. The optimal prices for both
Service Provider 1 and Service Provider 2 are directly proportional to their unit costs C and
transportation unit costs t. This indicates that since Service Provider 2 runs advertising
campaigns while Service Provider 1 does not, Service Provider 2’s optimal price increases
based on its rising advertising discount coefficient, while Service Provider 1's optimal price
decreases based on Service Provider 2's increasing advertising discount coefficient.

From a management perspective, service providers should design differentiated pricing strate-
gies based on their cost structure (C, t) while comprehensively considering competitors’ strategic
behaviors and the policy environment. This approach aims to identify the optimal pricing that
balances profit objectives with market competitiveness.

(3) Advertising campaigns by air taxi service providers increase market demand. When neither
provider offers intercity services but Provider 1 refrains from advertising while Provider 2
runs promotional campaigns, Provider 2 will capture a larger market share than Provider 1.

This also demonstrates that advertising by air taxi service providers is not merely “spending
money to buy traffic.” Instead, it addresses pain points in their emerging market. Advertising
may directly drive short-term order growth by expanding potential user reach, building trust,
lowering trial barriers, activating latent demand through scenario-based marketing, and boosting
conversion rates with conversion tools. Simultaneously, this short-term demand growth will in turn
support “infrastructure improvements” and “reduced operational costs,” laying the groundwork for
long-term demand expansion.

—9n2—6Ct0,—9120,—C20,%2 ~ * 0
(4) When 0<n < SH—Tn307) 072 , Ty > T,

This inference indicates that when a service provider chooses to run advertisements at a low

cost, the profits achievable exceed those without advertising. Specifically, under certain conditions,
the profit o of service provider S, after advertising exceeds the profit 73 when no advertising
is provided.

This inference does not merely suggest that advertising is beneficial but emphasizes that
advertising must be deeply integrated with cost control and meet specific market conditions to
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achieve profit growth. For businesses, it is crucial to clarify their advertising decision-making logic—
shifting from “whether to advertise” to “how to convert advertising into profit.” By combining
“advertising with low costs,” companies can transform this into a sustainable profit advantage,
avoiding the pitfalls of blind marketing or mere cost compression.

9(C € Va-n)t ~ « I( s+ 50— ) (1—n)t 7 2
(5)  When (3(14,) 3C¢2m) L < 7.(%. when (3(147) SC\/izlfn) , _(18?fji9nz>)t _

é >0, %1* > 7'(?,

The above analysis indicates that for Service Provider 1, when competitor Service Provider 2
chooses to engage in advertising campaigns with a small advertising discount coefficient, Ser-
vice Provider 1’s profit will be lower than when the competitor does not advertise. Conversely,
when the competitor’s advertising discount coefficient is large, Service Provider 1's profit will
be higher than when the competitor does not advertise. That is, under certain conditions, the
optimal profit %1* achieved after the competitor launches advertising campaigns will exceed the
profit 71 achieved without advertising.

4.1.2. Mode NT

In this scenario, neither Service Provider S; nor Service Provider S, offers intercity
services, so the company receives no government subsidies. However, the government
provides regular subsidies to consumers. Since both S; and S, engage in advertising
campaigns, consumers of both S; and S; receive an advertising discount. Given the fixed
and close partnership between Service Provider S, and its advertising collaborators, this
paper sets 67 < 6. Both service providers adjust their service prices to maximize their own
profits. Consumers derive equal final utility from receiving services at either end of the
spectrum from Service Providers S; and S, at point x.

U=V-P(1-n)+60,P, —tx=Up=V —P(1—n) + 6P, —t(1 — x) (6)

At this time, the market demand for Service Provider S; and Service Provider S; is

as follows:
D =x= t+P1(*l+n+9]2);P2(—1+n+92) )
Dy=1—x= tfPl(71+n+912)jp2(,1+n+92)

The profit functions for Service Provider S; and Service Provider S, are, respectively,

m= (Pl—C1)D1_%(P]2 (8)
= (P, — Co) Dz — %52
Based on the optimality conditions g% =0and g% = 0, we obtain the following:
Proposition 2. Equilibrium Outcomes under Mode NT:
(1)  The optimal price and demand are
5% —3t+C(—3+3n+260,+6,) =t 34 (-0
Py = 3(—LTrnt) Dy = HICE %) ©)
P ¥ —Bt+C(—3+3n+6,+26;) D, — 3=Cl61-6))
2 = 3(—1+n+6) 2 = 6t
(2)  The optimal profit function for Service Provider 1 and Service Provider 2 is
=F (BtHC0-0))” 1, 2
== 18t(—141n+291) — 2% (10)
—F _ (3t=C(01-62))> 1 2
T = ~si(—i+n+02) 27192
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The proof is the same as above.
From Proposition 2, we derive the following:

Corollary 2.

1) —L<—0,<00+6, <Z+2(1—n).

(2)  The optimal prices of Service Provider 1 and Service Provider 2 are directly proportional to
the government subsidy ratio n to consumers. When the government subsidy to consumers
increases, the prices charged by service providers also rise. Service Provider 1's optimal price
is directly proportional to its advertising discount coefficient and inversely proportional to
Service Provider 2's advertising discount coefficient. Meanwhile, Service Provider 2's optimal
price is inversely proportional to Service Provider 1's advertising discount coefficient and
directly proportional to its own advertising discount coefficient.

This indicates that when Service Provider 1 increases its advertising expenditure, its service
pricing rises accordingly. Conversely, Service Provider 2 lowers its pricing. This occurs because
Service Provider 1's advertising activities exert competitive pressure on Service Provider 2, causing
the latter’s market share to decline. Consequently, Service Provider 2 reduces its prices to enhance
its competitive advantage.

4.1.3. Mode GO

In this scenario, Service Provider S, offers intercity services, so the government pro-
vides S, with a subsidy at a rate of m while also subsidizing consumers as usual. Since
Service Provider S, runs advertisements, its consumers receive an advertising discount,
whereas S;’s consumers do not. Both service providers adjust their prices to maximize their
respective profits. Consumers deriving services from either provider at point x experience
identical final utility, meaning

Uy =V-P(1—n)—tx=Uy=V—Py(1—n)— Po(1—n)+60y(Pa+ Pos) + Vo — (1 —x) (11)

At this time, the market demand for Service Provider S; and Service Provider S, is
as follows:

o P1(71+H)+P2(1771792)+P25(1771792)4%7‘/0
D] =X = 5t (12)
DZ R P1(17n)+P2(71+n+922)t+P25(71+n+92)+t+V0

The profit functions for Service Provider S; and Service Provider S, are, respectively,

(13)

m = (Pl — C1)D1
T = (PZ — Cz)(l — OC)DZ + (PZS — Cp — kPys + Wl)(XDz — %([)22

Based on the optimality conditions g% =0and ‘3% = 0, we obtain the following:

Proposition 3. Equilibrium Outcomes under Mode GO:

(1)  The optimal price and demand are

p*— Py (1—2a+ka)(—1+n+6;) + (C—mua)(—14+n+6;) + 2C + Vo—3t

1 3(1—a)(—1+4n) 3(1—a)(—1+n) 3 3(—1+n) 14
P — Py (14+a—2ka)  C(1—n)+3t+Vy + 2(ma—C) (14)
~2 - 3(—1+a) 3(—1+n+6,) 3(—1+a)

D*— Py (1—-2a+ka) (—1+n+6,) + (C—ma)(—14n+065) + (3t—Vo+C(—1+n))

-1 6f(—1+4a) 6t(—1+4a) 6t

D — Pueka 1)(~14nt0y) | (ma-C)(-1tn+0y) | BriVo-C(-1tm) (19
et ey 7 ) R o

(2)  The optimal profit function for Service Provider 1 and Service Provider 2 is
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mt= —W(Pb(l — 20+ ka)(—=1+ 1 +02) +3t — Vo + C(—=1+n)(=1+a) + (C— ma) (=1 +n+6,))*
Ez* — (—C4m+Py — szs)a(quHgt)HHV“ n P25(71+260ct(77k:1%;)1+n+62) n (7c+gztoﬂlf+1$n+ez))+

(16)

(1 —uc)(—C+ Pps (1+a—2ka) + 2:()’—C+ma) C(l—n)+3t+V0>

3(—1+a) (—1+a) 3(—1+n+63)
—C(=14+n)+3t+Vy + Pos (—142a—ka) (—1+n+6) + (=CHma)(—14n+67) | 922
6t 6t(—1+a) 6t(—1+a) 2

The proof is the same as above.
From Proposition 3, we derive the following:

Corollary 3. The optimal price for Service Providers 1 and 2 is directly proportional to the unit
transportation cost t and inversely proportional to the government subsidy ratio; the optimal price for
Service Provider 2 is directly proportional to its advertising discount coefficient. Service Provider 1's
optimal price is inversely proportional to the additional utility V0 provided to consumers by Service
Provider 2's intercity services, while Service Provider 2’s optimal price is directly proportional to the
additional utility VO provided to consumers by its own intercity services. This implies that when
Service Provider 2 offers intercity services, it gains a competitive advantage over Service Provider 1,
prompting Service Provider 1 to moderately lower its price.

4.1.4. Mode GT

In this scenario, Service Provider S, offers intercity services, so the government pro-
vides S, with a subsidy at a rate of m while also subsidizing consumers as usual. Since both
Service Providers 51 and S, engage in advertising campaigns, consumers of both S; and S,
receive an advertising discount. The two service providers adjust their service prices to
maximize their respective profits. Consumers receiving services from either provider at
point x experience identical final utility, meaning

U=V —P(1-n)+6;P —tx =Upy=V —Py(1 —n) — Pos(1 —n) + 60(Pr + Pos) + Vo — t(1 — x) (17)
At this time, the market demand for Service Provider S; and Service Provider S, is

as follows:
Dy — _ P1(fl+n+91)+P2(17n792)+P25(17n792)+t7V0
1=X= 2t

(18)
1)2 —1—x= Pl(1—1’!—91)—[32(1—1’1—29?)—1325(1—71—92)+f+V0

The profit functions for Service Provider S; and Service Provider S; are, respectively,

T = (P]_Cl)Dl_%(Plz (19)
7y = (P, — Co)(1 — a)Dy + (Ppy — Cp — kPos + m)aDy — % o2

Based on the optimality conditions g% = 0 and 3% = 0, we obtain the following:

Proposition 4. Equilibrium Outcomes under Mode GT:

(1)  The optimal price and demand are

P * P25(1721X+kl)()(71+71+92) + (Cfmuc)(fl+n+92) + E + V073t
-1 - 3(1—a)(—1+n+6) 3(1—a)(—1+n+61) 3 3(—14+n+6y) 20
p*— Py (14+a—2ka)  3t4+Vo—C(—14n+6;) + 2(ma—C) (20)
Zo  3(-1+w) 3(—1+n+6,) 3(—1+w)
% _ Pys(1—2a+ka)(—1+n+6,) + (C—ma)(=1+n+6,) + 3t—Vp+C(—1+n+67)
21 - 6t(—1+a) 6t(—1+a) 6t 1
D * _P25(1721X+k0()(71+71+62) _ (Cfmuc)(fl+n+62) 4 3t+V07C(71+1’1+91) ( )
- 6t

2o 6t(—1+a) 6t(—1+a)
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(2)  The optimal profit function for Service Provider 1 and Service Provider 2 is
TF = ((=3t+Vp) (1—a) —ma(—14+1+6)+ Py, (1—20+ka ) (—14146,)+C(—a+na—6; +ab,+65))* _ne?
o 18¢(—14a)2(—14n-+6;) 2
= (1—a) (3t+Vo—C(—1+n+6))+P2s(1—2a+ka) (—1+n+6; )+ (C—ma) (—1+n+6;) (22)
o 6f(—1+a)

((—C + 1 + Pos — kP )a + (1 — “)(_C | Pas(da—2ka) | 2(—Cma) 3t+V0—C(—1+n+91)>) _ %22

3(—1+a) 3(—1+a) 3(—1+n+6,)

The proof is the same as above.
From Proposition 4, we derive the following:

Corollary 4. Service Provider 2's optimal price is directly proportional to its advertising discount
coefficient and the additional utility provided to consumers through intercity services, while it
is inversely proportional to Service Provider 1's advertising discount coefficient. Both Service
Providers 1 and 2's optimal prices are inversely proportional to the government subsidy ratio m.

This indicates that when Service Provider 1 also engages in advertising, Service Provider 2
should adjust its optimal pricing downward to account for competitive pressures while emphasizing
the additional utility it delivers to consumers. Government subsidies to Service Provider 2 for
intercity services will lower its optimal price, thereby attracting more consumers.

4.2. External Disturbance (GX)

Due to the complex operational environment of air taxis, they are susceptible to un-
controllable external factors such as extreme weather, sudden policy adjustments, and fuel
price fluctuations. These factors directly impact consumer travel preferences or service
providers’ operational costs. In 2023, Shenzhen suspended all low-altitude transportation
for three days due to Typhoon Sura, resulting in daily losses exceeding CNY one million
for service providers. Without accounting for such disturbances, the model would over-
estimate market stability. This paper defines disturbance factors as a random variable M,
which follows a normal distribution with mean 0 and variance 02(M ~ N(0, 02) [45,46].
Since this component will be expanded across the four base models, the following section
details only the calculation process for the most complex fourth model, GTX (considering
external disturbance in GT mode). The optimal results for the NOX (considering external
disturbance in NO mode), NTX (considering external disturbance in NT mode), and GOX
(considering external disturbance in GO mode) models are presented directly.

The optimal solutions under four modes are shown in Table 3.

Table 3. Optimal solutions for four modes under external disturbances.

Modes Optimal Solutions
S E—2Mt4C(=3+3n+06,) O _ _t—2Mt+Ch
NOX L 3(~1+n) T
= t+4Mt+ C(3 —3n — 26,) S E+4Mt+4CH
P, = — Dy =—— ¢
3(=1+n+6) 6t
121 _ t—2Mt+ C(=3+3n + 26, +6y) 1;) E—2Mt—Cb +Ch,
NTX 3(—1+n+6) 1 = 5
1332* _ —((1+4M)1) +C(=3+3n+6; +26,) b, _ LT4M—Co+Coy
3(=1+n+6s) 6t
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Table 3. Cont.

Modes Optimal Solutions
(=24 M)(—1+a)t — 2P (14 (=2 + k)«)
(*2f+tM+2V0)(*1+DL)+2mlx(*1+7’l+92)+ Vo — Voa—
C(6 —6n — 4o + 4na — 26;)— (=14+n+6,)—2 ma(—1+n+6)+
2Py (1 + (=2 +K)a) (=1 +n+6,) b C((—=1+n)a+67)
GOX fl - 6(—1+n)(—1+a) - 12t(-1+a)
(t+ Mt — Vo) (=1 + &) + 2ma(—14n + 6,)+ 2+ 1IM) (=1 +a)t + 2P (1 + (=2 + k)a)
_ —x— Vo — Voo —ma(—1+n+6
CB+n(-3+a)—a—260)+ (14 nt )42 0= Vo ( 2)
Po(1 + & — 2ka) (=1 + 1 + 6,) - +C((~1+m)a+6)
L AT r (T ) - i
st(]. — 20+ kzx)(—l +n+ 92)—
. ma(—1+n+6,) —x 4 na—
Pr= + -1 6,) +C
S 3-w(Thnte) . ma(=1+n+62)+Cl o L 6+ 6,
C(3+n(—342a)+2a(—146;) —26; — 6,) - B 6t(—1+ )
GTX 3(1—a)(~1+n+61) (E+ Vo) . 2M(~1+21)
Pl =20 +ka)(=1+n+6,)  (—t+2M-Vp) et T ot
3(1—a)(—14+n+6;) 3(-1+4+n+6) D *:P25(1—2a+ka)(—1+n+92)
e 2ma = Pa(—1+2kn —a) (£ Vo + 4M1) -, 6t(—1+a)
-, 3(—1+a) 3(=1+n+6,) —ma(—1+n+62)+c< :gin:cg o )
CB+n(—3+a)+a(—1+6;)—60; —26) + ey 1 1162
3(—1+a)(—1+n+6) L+ %) M+
6t
5. Comparative Analysis
By solving the four non-perturbation modes above, Table 4 summarizes the optimal
equilibrium strategies for each mode, yielding the following conclusions:
Table 4. Optimal solutions for four models.
Models Optimal Solutions
—~ %
_ —3t4C(—343n+6,) =~ 1 ce
NO Pr = =55 Dy =3-%
5.5 —3t+C(=3+3n+267) _ 1, Cb
Py = ey P2 =zt%
D7 —3HC(=3+3n+201+65) D, =3Clih)
NT 1= 3(—1+n+61) - % 3
o x B _ D, — t—C(61—6>)
Py — 3t+C(—343n+6,+26,) 2 [;
2 = 3(—1+n+67)
D* = Pos (1—2a+ka ) (—14n+065)
=1 6t(—1+a)
P Py (1-2a+ka) (—1+n+6,) + (C—ma)(=1+n+6,) (C—ma)(=1+n+6,)
~1 3(1—a)(—1+n) 3(1—a)(—1+n) 6t(—1+a)
GO +5 + T VotC(—1in))
- n
p* — Py (1+a—2ka)  C(1—n)+3t+Vy | 2(ma—C) D* = Pos (2a—ka—1)(—14+n+6,)
~  3(-1+a) 3(—1+n+62) + 3(—1+«) —~2 6t(—1+a)
+ (ma—C)(—=1+n+6,)
( 6t(71zra) N
3t4+Vo—C(=1+n
+ S
D*= P25(1720c+ka)(71+n+92)+
1 6t(—1
p * — Pu(l-2uth)(“Lint6s) | (Comu)(-1int6y) 1 (C,,m)(,f+nig‘j>
T T 3-a)(—1+nth) 3(1—a)(—1+n+6,) T
GT +§ + % 3t7Vo+C(6;1+n+91)
p* — Py (1+a—2ka)  3t+Vo—C(=1+n+6;) + 2(ma—C) D * = Py (1-2a+ka)(—14n463)
o T 3(—1+4) 3(—14n+62) 3(—1+a) Zy 6t(—1+a) o
(Cz—nza)(—l+n+92)+
6f(—1+a)

3t+V()—C1(—1+n+91)
6t
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- % —~ %
Lemma 1. The optimal pricing prioritization for Service Provider 1, Py > Py , is
—~ k
* 3(=1+n)(—1+4«) V . Voa (C—m)a(=1+n+06)
P> Pr,Pos < — i o 1+n+62)( ESEET e Ery BT o Wy wy S Yo wer g By )
—~ 5k
* . 3(=1+n)(—1+a) V . Voa (C—m)a(=14+n+063)
£1 < P1, P > — 5 Carhe) (Cirn 1) (3(71+n)0(71+1x) e e e E R e W e Ry )
* ~ X
Lemma 2. The optimal pricing prioritization for Service Provider 2 is P2 > P, ,P > P *
P pricing p o
— k —~ %
Lemma 3. The demand prioritization for Service Provider 1, D1 > Dy , is
- k
* . 3(=1+n)(—1+a) V . Voa (C—m)a(=1+n+063)
91 > D1, Py < (1+(—2+k)a)(—1+n+67) (3(—1+n)0(—1+a) 3(—1+n())(—l+a) + 3(—14n)(—1+a) )
- k
* . 3(=1+n)(—1+a) V _ Voa (C—m)a(=1+n+063)
91 < D1, P> (I+(—2+k)a) (—1+n+67) (3(71+n)0(71+1x) 3(71+n())(71+0c) + 3(71+n)(71+a)2 )
— X —~ k
Lemma 4. The demand prioritization for Service Provider 2, Dy < Dy , is
— Ok
* - 3(=1+n)(—1+a) V . Voa (C—m)a(=1+n+063)
D "> D2, Pos > — -z (- 1+n+92)( S EET e Ery BT o Wy wy S Yo W o By )
NP
* . 3(=14n)(—1+a) V . Voa (C—m)a(=14+n+6,)
92 Dy Py < (I+(—2+k)a) (- 1+n+92)(3(—1+n)0(—1+a) 3(—1+n())(—1+1x) LT ey T ey )

It can be seen from this that for Service Provider 1, launching advertising campaigns
will increase its optimal price, and its market demand will also be higher than when
no advertising is conducted. When Service Provider 2 offers intercity services and the
additional price (Pys) of such services is below a certain threshold, both its optimal price
and market demand will be enhanced.

For Service Provider 2, the launch of advertising campaigns by Service Provider 1 will
instead lead to a decrease in its (Service Provider 2’s) optimal price, and its market demand
will also be eroded by Service Provider 1. If Service Provider 1 also conducts advertising
campaigns, Service Provider 2 can further expand its market demand by offering intercity
services, but it is necessary to ensure that the additional price of its intercity services is
higher than a certain critical value.

6. Simulation

The above results are basically derived through mathematical model deduction. In
this section, numerical examples are used to further compare and analyze the changes
in profits under different decision-making modes of the four basic models and external
disturbance models in a duopoly competition environment.

Based on the existing assumptions and parameter value ranges, the relevant parame-
ters in this paper are assumed as shown in Table 5.

Table 5. Parameter settings.

Parameter C t n m Vo o P1 P2
Value 2 1 0.2 0.2 2 0.3 1 1

6.1. Profit Changes of Service Providers Under Different Modes

Under the NT mode, a simulation analysis was performed on the advertising discount
coefficient (6,) of Service Provider 2 with different values (6, = 0.1, 0.2, 0.3, 0.4). The
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changes in the profits of Service Provider 1 and Service Provider 2 as ¢, varies are shown
in Figure 3a and Figure 3b, respectively.

3 T T 3
—01 —+—o1

—8—02 —8—a02
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—A—04
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05+
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Figure 3. The impact of 6; and 6, on the profit of service providers: (a) Service Provider 1; (b) Service
Provider 2.

As can be seen from Figure 3a, the competitive effect of 8, on 71 is significant. Under
the same value of 81, when the advertising discount coefficient 8, of Service Provider 2
increases, the profit 7t; of Service Provider 1 shows a downward trend. Meanwhile, it can
be observed that the marginal impact of 6, is strengthened: regardless of the value of 6,
7 increases as 61 rises, indicating a positive correlation between the profit m; of Service
Provider 1 and its own advertising discount coefficient 81. Furthermore, the slope of the
curve is constantly increasing, which means that for each unit change in 61, the increment
brought to profit m; grows—namely, the marginal impact of 81 on profit m; intensifies.
This also suggests that in the current oligopolistic market context, when Service Provider 1
increases its own advertising discount coefficient 81, it not only boosts its profit, but also
the magnitude of this profit growth will become larger as 61 further increases.

As can be seen from Figure 3b, the profit m, of Service Provider 2 is negatively cor-
related with the advertising discount coefficient 81 of Service Provider 1: as 61 increases,
1 shows a downward trend. In other words, when Service Provider 1 increases its own
advertising discount coefficient, the profit of Service Provider 2 will decrease. Moreover,
when the advertising discount coefficient 0, of Service Provider 1 is the same, the larger
the advertising discount coefficient 8, of Service Provider 2 itself, the higher its profit. This
means that appropriately increasing its own advertising discount efforts is beneficial for
Service Provider 2 to boost its profit and can alleviate the profit loss caused by Service
Provider 1 increasing its advertising discount coefficient.

In an oligopolistic market, the advertising discount coefficient of a service provider di-
rectly affects its profit, and the advertising strategy of competitors exerts a significant moder-
ating effect on its own profit. Service providers need to dynamically adjust their advertising
discounts based on the competitive intensity of their counterparts to balance the advertising
costs and the competition for market share, thereby achieving profit maximization.

Under the GT mode, a simulation analysis was conducted on the additional cost
coefficient (k) of intercity services provided by Service Provider 2 with different values
(k=0.2,0.3,04, 0.5). The changes in the profits of Service Provider 1 and Service Provider 2
as P varies are shown in Figure 4a and Figure 4b, respectively.

As can be seen from Figure 4a, an increase in the intercity service price (Pys) of Service
Provider 2 will drive the growth of Service Provider 1’s profit (m;), indicating that the price
increase in Service Provider 2 has a positive effect on boosting Service Provider 1’s profit.
The larger the additional cost coefficient (k) of Service Provider 2, the higher the profit of
Service Provider 1 at the same Py, level. In other words, the higher the additional cost of



Systems 2025, 13, 1049

18 of 31

Service Provider 1's profit

Service Provider 2, the more conducive it is for Service Provider 1 to obtain higher profits.
This may be because when Service Provider 2 faces higher costs, its pricing is restricted
and its market competitiveness declines, leaving more profit space for Service Provider 1.

——02 ——02
—8—03 —a—03
—6—04 —0—04
—A—05 1.5 —i— 05| 4

Service Provider 2's profit

5 10 15 20
P2s

(@)

Figure 4. The impact of k and Py4 on the profit of service providers: (a) Service Provider 1; (b) Service
Provider 2.

Figure 4b generally shows a U-shaped trend in Service Provider 2’s profit, where
the profit first decreases and then increases. When Py is at a relatively low level, Service
Provider 2’s profit decreases as Py rises; after Pyg reaches a certain value, the profit increases
with the growth of Pys. Moreover, at the same Pyq level, the smaller the k value, the relatively
higher the profit of Service Provider 2. This indicates that Service Provider 2’s profit does
not change monotonically with Pys. In the stage where Py is low, raising the price will
reduce profits—this may be because the price increase leads to a decline in demand, and
the reduction in revenue exceeds the savings in costs. When Py, exceeds a certain value,
price increases can drive profit growth, which suggests that demand is less sensitive to
price changes at this point. Such service demand is a type of high-end demand, which will
not decrease due to price increases, and price hikes can increase revenue. Additionally,
the smaller the additional cost coefficient (k), the higher the profit of Service Provider 2 at
the same Pyg level. This shows that the lower the additional cost of Service Provider 2, the
stronger its profitability; cost advantages enable it to have greater advantages in market
pricing and profit generation.

6.2. Impact of Different Modes on the Profit Difference Between Service Providers

Under the GO and NO modes, Service Provider 1 does not launch advertising cam-
paigns, while Service Provider 2 conducts advertising. Specifically, Service Provider 2 does
not offer intercity services under the NO mode but provides intercity services under the
GO mode. Based on these two models, we analyze two types of profit differences: first, the
profit difference of Service Provider 2 between offering and not offering intercity services
and second, the profit difference between Service Provider 1 and Service Provider 2 under
the two modes.

Under the GT and NT modes, both Service Provider 1 and Service Provider 2 launch
advertising campaigns. Service Provider 2 does not offer intercity services under the NT
mode, whereas it provides intercity services under the GT mode. Based on these two
models, we examine two categories of profit differences: on one hand, the profit difference
of Service Provider 2 when it offers intercity services versus when it does not, and on the
other hand, the profit difference between Service Provider 1 and Service Provider 2 under
the two modes.

As can be seen from Figure 5a, the profit difference of Service Provider 2 between
offering and not offering intercity services shows a trend of first decreasing and then
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increasing, and there is a segment where this profit difference is less than zero. This
indicates that there exists a P4 range in which Service Provider 2 should not adopt the
corresponding P pricing strategy when offering intercity services. Specifically, Pps values
within the range (1.5187, 15.4268) will prevent Service Provider 2 from gaining higher
profits even when it offers intercity services; instead, such Pys values will increase its input
costs. Under the NO mode, since Service Provider 2 does not provide intercity services,
its profit difference does not change with P»s. Under the GO mode, the profit difference
between Service Provider 2 and Service Provider 1 shows a continuous downward trend,
shifting from greater than zero to less than zero as Py, increases. Due to the complexity of
the parameters, specific parameter values are substituted here, and the critical value of Py
at which the service providers’ profit difference is zero is calculated as 1.4789. This means
that when Py is less than 1.4789, Service Provider 2’s profit is higher than that of Service
Provider 1, and offering intercity services can bring more revenue; however, when Py is
greater than 1.4789, Service Provider 2’s profit is lower than that of Service Provider 1, and
offering intercity services fails to yield corresponding revenue returns.

1t
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Figure 5. The impact of Ppg on the profit difference between service providers under different models:
(a) NO and GO modes; (b) NT and GT modes.

Observing Figure 5b, it is found that under the GT and NT modes, the variation
trends of two types of profit differences—namely, the profit difference of Service Provider 2
between offering and not offering intercity services and the profit difference between the
two service providers under the two modes—are highly similar to those under the GO and
NO modes. This further confirms that when Service Provider 2 chooses to offer intercity
services, it must reasonably set the additional price (Pyg) for intercity services to maximize
its own profits to the greatest extent.

Under the NO and NT modes, neither Service Provider 1 nor Service Provider 2 offers
intercity services. Specifically, under the NO mode, Service Provider 1 does not launch
advertising campaigns while Service Provider 2 conducts advertising; under the NT mode,
both service providers carry out advertising. At this point, the only difference between the
two modes lies in whether Service Provider 1 conducts advertising. Under the GO and
GT modes, Service Provider 2 offers intercity services. Specifically, under the GO mode,
Service Provider 1 does not launch advertising campaigns but Service Provider 2 does;
under the GT mode, both service providers implement advertising. Here, the distinction
between the two modes also lies in whether Service Provider 1 conducts advertising.
Therefore, both Figure 6a,b analyze and compare the changes in profit difference with the
advertising discount coefficient (61) of Service Provider 1. It can be seen that the trends
in the two figures are similar, with the only difference being that Service Provider 2 offers
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intercity services in one scenario (the GO and GT modes) but not in the other (the NO and
NT modes).
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Figure 6. The impact of 81 on the profit difference between service providers: (a) NO and NT modes;
(b) GO and GT modes.

It can be observed that the profit difference of Service Provider 1 between conducting
and not conducting advertising is greater than zero and shows an upward trend when 64
is within a certain lower range; however, when 8; becomes excessively large, this profit
difference will be less than zero. This indicates that when Service Provider 1 conducts
advertising, it should set its advertising discount coefficient (61) at an appropriate level—
neither too high nor too low—to generate higher profits. Under the NO and GO modes,
Service Provider 1 does not conduct advertising, so its profit difference is not affected by 6.

6.3. Impact of Different Modes on Service Providers’ Profits

As can be seen from the figures below, Figures 7 and 8 provide three-dimensional
stereoscopic views, which help visualize the strategy response to parameter changes.
Figure 9 shows a plan view for more intuitive understanding of the optimal strategy, when
Service Provider 2 offers intercity services, the additional price (Pys) and additional cost
coefficient (k) exert an impact on the profits of the two service providers. It is observed
that under both modes, the profit of Service Provider 1 shows an upward trend as the
additional price (Pps) increases, while the profit of Service Provider 2 exhibits a fluctuating
trend of first decreasing and then increasing. However, the overall profit under the GT
mode is higher than that under the GO mode. This indicates that when a service provider
chooses to offer intercity services, it must comprehensively consider multiple influencing
factors—such as the formulation of the additional price for intercity services, the control
of relevant costs, and competitors’ service strategies—to ensure the maximization of its

own interests.
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Figure 8. (a—c) Impact of k and Py on service providers’ profits under the GT mode.
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Figure 9. Optimal profit distribution under (a) the GO mode and (b) the GT mode.

6.4. Impact of External Disturbances on Profits

As can be seen from Figure 10a, under the GOX mode, Service Provider 1’s profit
remains close to zero at all times. This indicates that the external disturbance variance (o)
has almost no impact on Service Provider 1’s profit—under this mode, Service Provider 1
has extremely weak profitability and is barely affected by disturbances (it may also have
little profit margin in the first place). Under the NOX and NTX modes, profit increases as o
rises, with the profit under NTX being consistently higher than that under NOX. This shows
that when “neither party offers intercity services”, mutual advertising promotion (the NTX
mode) is more conducive to Service Provider 1’s profitability than advertising solely by
Service Provider 2 (the NOX mode). Furthermore, the greater the external disturbance,
the more significant the profit growth of Service Provider 1 under both modes. This may
be due to advertising promotion or changes in the market environment, which enable
Service Provider 1 to expand its profits through disturbances when there is no competition
from intercity services. Under the GTX mode, profit rises rapidly as o increases and is
much higher than that under other modes. This suggests that in the mode where “Service
Provider 1 does not offer intercity services, while Service Provider 2 does, and both parties
conduct advertising”, the greater the external disturbance variance (o), the more remarkable
the profit growth of Service Provider 1. This mode may be the most beneficial to Service
Provider 1’s profitability due to factors such as the coordination between intercity services
and advertising promotion, as well as demand adaptation under market disturbances—
making disturbances a driver of profit growth.

x10*

——NoX
15¢ —8—NTX
—&—Gox
—A—GTX

Profit of Service Provider 1
Profit of Service Provider 2

0 20 40 60 80 100
Sigma

(b)

Figure 10. Impact of o on service provider profit under the external disturbance mode: (a) Service
Provider 1; (b) Service Provider 2.

As can be seen from Figure 10b, under the NOX and NTX modes, Service Provider 2’s
profit increases with the rise in o and the growth rate is significant. This indicates that the
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greater the external disturbance, the more conducive it is to Service Provider 2’s profitability.
The combination of advertising promotion and market disturbances may have expanded
profit channels and amplified profit margins. Under the GOX mode, Service Provider 2’s
profit shows a slight negative fluctuation as o increases, which suggests that external
disturbances put pressure on its profit, yet the change in pressure is not significant. This
may be attributed to the investment in intercity services or the characteristics of demand
under market disturbances, resulting in difficulties in profitability and weak sensitivity
to disturbances. Under the GTX mode, Service Provider 2’s profit declines rapidly with
the increase in 0. This means that in the mode where “Service Provider 1 does not offer
intercity services while Service Provider 2 does and both parties conduct advertising”, the
greater the external disturbance, the more severe the profit loss of Service Provider 2. This
could be due to the mismatch between intercity service costs, advertising investment, and
market demand under disturbances, leading to a significant erosion of profits.

Based on this, a comparative analysis reveals the following insights: In terms of busi-
ness model adaptability, modes without intercity services (NOX, NTX) are more adaptable
to market environments with external disturbances, as they can leverage disturbances
to expand profits. In contrast, modes with intercity services (GOX, GTX) suffer greater
negative impacts from disturbances and face higher profit risks. In terms of the value
of advertising strategies, when intercity services are not offered (NOX vs. NTX), mutual
advertising promotion (NTX) can strengthen the positive effects of disturbances and boost
profits. This indicates that advertising synergy can amplify market opportunities under
stable business models. When intercity services are provided (GOX vs. GTX), although
advertising brings traffic dividends to Service Provider 1, it fails to reverse the declining
trend of Service Provider 2’s intercity business. In other words, the “rescue” effect of adver-
tising on highly sensitive businesses is limited. In terms of market correlation effects: Even
when business types differ (e.g., Service Provider 1 does not engage in intercity services
while Service Provider 2 does), profits still change in a correlated manner under market
disturbances (both decline under the GOX mode). This suggests that there are correlations
in demand, resources, and other aspects among businesses within the industry, and strategy
formulation must take into account the transmission effects of the overall market.

7. Conclusions and Future Research
7.1. Conclusions

Based on the Hotelling model, this study focuses on the duopoly market of air taxi
service providers. Specifically, Service Provider S2, which consistently conducts advertising,
decides whether to offer intercity services, whereas Service Provider S1, which does not
offer intercity services, decides whether to launch advertising. Through model analysis,
this study examines the profit changes of service providers after launching advertising
or offering intercity services, the differences between the two providers after adding
new services, and the effects of their different service strategies. In addition, through
numerical examples, this study analyzes strategy selection regarding intercity services
and advertising and identifies optimal pricing ranges for additional charges and feasible
cost control ranges when providing intercity services. On the basis of this analysis, the
following key conclusions are drawn:

(1) Inaduopoly competitive market, one air taxi service provider can choose to offer
intercity services. Doing so allows it to increase its optimal price and market share,
thereby achieving higher profits.

(2) If aservice provider chooses to offer intercity services, the profits of both providers in-
crease as the additional price for such services rises. However, the provider that offers
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intercity services must ensure that the additional price exceeds a critical threshold so
that the profit from providing the services is higher than that from not providing them.

(3) The advertising discount coefficient of one provider has a significant competitive
effect on the profit of the other, and the competitor’s advertising strategy exerts a
significant moderating effect on its own profit. If both providers launches advertis-
ing, the marginal effect of the advertising discount coefficient on each provider’s
profit increases.

(4) When a service provider chooses to conduct advertising, an optimal threshold ex-
ists for its advertising discount coefficient—it should be neither too high nor too
low. At this threshold, the profit difference between conducting advertising and not
conducting advertising is maximized.

(5) In a disturbed environment, service providers should prioritize modes that do not
involve intercity services. In particular, the mode with mutual advertising promotion
(NTX mode) is more optimal under such conditions. If intercity services are offered,
service providers must carefully assess disturbance risks or adopt flexible cost and
operation strategies to offset negative effects.

From a management perspective, in the duopoly competitive landscape, air taxi service
providers should build competitive advantages through differentiated strategic positioning.
When offering intercity services, they must set the additional price reasonably and ensure
it exceeds the critical threshold to achieve higher profits. In terms of advertising strategies,
they should account for synergies or differences between their own and competitors’
approaches and identify the optimal threshold for the advertising discount coefficient. In
the face of disturbances, service providers should prioritize modes that exclude intercity
services and include mutual advertising. If intercity services are adopted, service providers
must establish a sound risk assessment system and flexible response strategies. They should
also recognize that market competition is a dynamic game process. Service providers must
integrate short-term decisions with long-term planning, continuously monitor competitors’
strategy adjustments, and optimize their own strategies in a timely manner to maintain a
competitive advantage and achieve profit maximization.

7.2. Limitations and Future Research

This study assumes that Service Provider S; does not offer intercity services, resulting
in a relatively static model. In real-world duopoly competition, Service Provider S; may
dynamically adjust its decisions in response to market feedback. This static assumption
deviates from actual dynamic competitive environments and fails to fully capture the
interactive evolution of business strategies. For instance, it does not account for scenarios
where Service Provider S; alters its strategy upon recognizing the potential of the intercity
service market. Second, the study does not differentiate between user preferences for
intercity services and advertising (e.g., differing demands between business and individual
users). Instead, it assumes a homogeneous market demand. In reality, distinct decision-
making logics across user segments affect the effectiveness of service strategies. The author
will conduct more in-depth research on this subject in subsequent studies.
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Appendix A
Appendix A.1

Proof of the Optimal Solution of the GTX Model. On the basis of the model where Service
Provider 2 offers intercity services and both Service Provider 1 and Service Provider 2
engage in advertising, the impact of external disturbance factors is taken into account. At
this point,

U1:V—P1(1—Tl) +91P1 —Ix :U2:V—P2(1—1’1) —st(l—n)+92(P2+P25) +V0—l’(1—x)

The market demand for Service Provider S; and Service Provider S; is as follows:

D 0 __ x = Pl(71+n+91)+P2(1711792)+P25(1711792)4’157‘/0
s P(1 61)—DP(1 2tG)P(l 02)+t+V,
0 _ _ P(A=n—-01)-P(1-n—0y)—Ps(1-n—0)+t+Vp
DO =1—x= 22)—Fas

Assume that the demand of Service Provider 2 conforms to the linear inverse demand
function D, = Dg + M.

Then the demand of Service Provider 1is D1 = M — D5.

At this point, the market demand for Service Provider S; and Service Provider S; is
as follows:

{ Dy = Py (=14n+61)+P(1—n—0)+Pys (1—n—0)+t—Vp

2t
D, = P1(1—”—91)—P2(1—”—gtz)—st(l—"—Gz)+t+Vo +M

The profit functions for Service Provider S; and Service Provider S; are, respectively,

= (Pl — Cl)Dl — %(p12
TTy= (P2 — Cz)(l — Dé)Dz + (P2s — Cp — kPys + m)(XDz — %QDZZ

Based on the optimality conditions g% =0and 3% = 0, we obtain the following:

The equilibrium results under the GTX mode are provided:

(1) The optimal price and demand are

mo(—1+n+6,) + C(3+n(—=342a)+20(—1+61)—261—6)  Pos(1—2a+ka)(—14n+6;) + (—t+2M—-Vp)
3(1—a)(—1+n+6;) 3(T—a)(—1+n+0) 3(T—a)(—1+n+01) 3(—T+n+61)
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(2) The optimal profit function for Service Provider 1 and Service Provider 2 is
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(3) Let EMSq = 02+ u%;EM = u. By rearranging the profit functions of Service
Provider 1 and Service Provider 2, we obtain
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Appendix A.2
Proof of Corollary 1.

—~ %
(1) SinceD; =3—2>0,1> 2 thus, o, < 3t.
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Proof of Lemma 3. 51 — 151 = W —(3- C6—9tz) = % > 0; thus, 51 > 151 .

D * 5*7P25(1—21x+k0¢)(—1+n+92)+(C—mtx)(71+n+92) 3t—Vy+C(-1+n+6;) 3t+C(61—06y)
~ D, = _

—1 6t(—1+a) 6t(—1+a) 6t 6t
- Vo —Vou+ (C—m)a(—14+n+62) + Pos (14 (-2 +k)a) (=1 +n+ 6,)
N 6t(—1+a)
When
3(—1+n)(—1+a) V vV (C—m)a(—1+n+06,)
Pys < T A+ (—2+k)a)(—1+n+67) (3(—1+n)0(—1+zx) o 3(—1+n())l(x—1+a) + 3(—1+n)(—1+tx)2 )
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Py > —

Py > —

Py < —

— ¥ — ¥

Vo—Voa+(C—m)a(=14+n+6)+Pos (1+(—2+4k)a) (—14+n+6;) >0,D * —D; >0;thatis,D * > D; ;
—1 —1

6t(—1+a)
when

3(=1+n)(—-1+na) < Vo B Vou n (C—m)oc(—l—i—n—i-ez))
I+ (—2+ka)(-1+n+6)\3(-1+n)(-1+a) 3(-1+n)(—1+n) 3(-1+n)(-1+a) )’

VO7V00l+(C*M)D{(*lﬂ*l’l*”e(z)+P25)(1+(*2+k)06)(71‘%1’14’92) <0 D *_51*<0thatls D * < D]
6t 71+D( 4 1 7 7 21 .

O

= DR 3 c(6,-6,) o o =5 R
Proof of Lemma 4. D, — D5 :67;27(%+672)=*6—;<0;thus,D2 <D, .

D*—D _ _P25(17204+k06)(71+7’l+62) _ (Co—ma)(—1+n+6,) + 3t+Vo—Cy(—1+n+61) - 3t—C(61—6,)
2 = 6t(—14a) 6t (—1+a) of 6t

_ _ Vo—Voa+(C—m)a(=14n+03)+Pps (14+(=2+k)a) (—14+n1+05)

- 6t(—1+a)

When

3(=14+n)(-1+a) < Vo B Vou n (C—m)a(—1 +Tl+92))
I+ (24+ka)(=1+n+6) \3(=1+n)(=1+a) 3(-1+n)(—-1+«) 3(=14+n)(-1+a) )’

- ~m)a(~1 Pos(1+ (2 1 - _
Vo —Voa + (C—m)a(=1+mn+02) +Pos(1+ (=2 +k)a)(—1+n+6;) =~ 0,D*-Dy > 0,D*>Ds;
6t(—1+a) =2 —2

When

3(=1+n)(—-1+n«) < Vo B Vou n (C—m)(x(—l—l—n—i—ez))
1+ (—24+ka)(=1+n+0)\3(-=1+n)(-1+a) 3(-1+n)(-1+a) 3(=1+n)(-1+a) )’

_ _ _ _ _ — k — 3k
_VO Vo + (C —m)a(—=1+n+03) +Pos(1 4+ (=24 k)a)(—1+n+6) <0D*-Dy, <0,D*<D,.
6t(—1+«) —2 -2

O
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