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Liu’s Uncertainty Theory; Environmental and policy pressures have forced airlines to reconsider their traditional pricing
Carbon Tax; strategies. This study proposes a dynamic pricing model for airline tickets in an uncertain
Pricing. environment, where demand uncertainty, inflation, seasonal fluctuations, and carbon costs are

considered simultaneously. The proposed framework is developed based on Liu’s uncertainty
theory and incorporates carbon cost into the objective function as an uncertain parameter derived
from expert judgment. The objective of the model is to maximize the expected revenue of the
airline while considering environmental sustainability requirements. The results of a case study
for a domestic airline show that including carbon costs can significantly change the optimal price
structure, redistribute demand between flight classes, and create a balance between economic
profitability and environmental responsibility. The model also provides a practical tool for
designing sustainable pricing policies in situations where historical data are limited.

Extended Abstract

1. Introduction

facilitating international trade, tourism, and the mobility of human capital. By generating millions of jobs and

contributing significantly to global GDP, the sector has evolved into an essential infrastructure for economic growth

and global connectivity [1,2]. Despite its strategic importance, revenue management particularly the pricing of airline
tickets remains a major operational challenge. This complexity arises from the dynamic and reciprocal relationship between
price and demand, influenced by passenger behavior, market competition, and macroeconomic conditions. Moreover, the time-
limited nature of ticket sales and the non-storable capacity of aircraft seats amplify the effects of each pricing decision on
overall revenue. Consequently, determining the optimal price within the framework of “dynamic pricing” has become a central
topic in the revenue management literature [3].

Previous studies have mainly addressed this problem using probabilistic models, including dynamic programming and
demand modeling based on non-homogeneous Poisson processes [4]. However, the heavy reliance on historical data limits the
effectiveness of these approaches in volatile economic environments or markets characterized by high uncertainty. At the same
time, the aviation sector is increasingly confronted with environmental pressures. Its contribution to global CO, emissions,
along with regulatory mechanisms such as CORSIA and the EU ETS, has intensified the need to incorporate carbon-related
costs into operational and economic decision-making. In this context, the concept of the “green ticket” a mechanism for carbon
offsetting or the use of sustainable aviation fuels has emerged as part of the pricing structure [5].

r I Yhe aviation industry has become one of the fundamental pillars of the global economy, playing a crucial role in
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In the domain of decision-making under uncertainty, Almasi et al. [6] introduced a framework for dynamic pricing based
on Liu’s uncertainty theory, enabling the modeling of uncertain variables such as demand and inflation. This approach
demonstrates particular advantages over probabilistic methods in data-scarce or highly unpredictable environments. Building
on this foundation, the present study extends their model by incorporating carbon emission costs as an uncertain variable within
the pricing framework. The proposed model treats carbon offsetting costs and the demand for green tickets as uncertain
elements and examines their impact on optimal pricing and the revenue structure of airlines. The key contribution of this
research lies in integrating environmental sustainability considerations into an uncertainty-based dynamic pricing framework,
enabling a simultaneous assessment of both economic and environmental implications.

2. Motivation of the Research and Uncertainty Theory

The aviation industry, despite its essential role in global mobility and economic development, is increasingly scrutinized
for its rising greenhouse gas emissions. As a market-based response, the “green ticket” has emerged as a mechanism that
incorporates environmental externalities into airfare pricing, thereby influencing demand patterns and generating financial
resources for carbon mitigation. Yet, the effectiveness of this policy fundamentally depends on how green ticket prices are
determined and on stakeholders’ willingness to bear the associated carbon cost.

Unlike classical ticket pricing which primarily targets revenue maximization and capacity control green ticket pricing
requires balancing financial goals with environmental and regulatory constraints. A central challenge is the considerable
uncertainty surrounding the appropriate level of the carbon cost. This cost is shaped not only by market behavior but also by
expert judgment, managerial perspectives, and varying degrees of policy consensus. As a result, using a fixed carbon price may
distort the expected economic and behavioral impacts of the policy.

Although previous studies have examined carbon-pricing mechanisms in aviation through probabilistic or scenario-based
approaches, these models rely heavily on stable statistical distributions and rich historical data both of which are limited for
emerging policies like green ticketing. Liu’s Uncertainty Theory provides a suitable alternative, enabling the structured
incorporation of belief-based uncertainties, particularly expert assessments related to the adoption of carbon costs.

The core motivation of this study is to develop a pricing model in which the carbon cost operates simultaneously as an
economic parameter and an uncertain policy variable. Expert belief degrees regarding the application of carbon costs are
quantified through uncertain distributions, and their effects on ticket prices and expected airline revenue are evaluated. This
framework allows for the systematic analysis of green ticket outcomes under different levels of policy acceptance and expert
consensus, thereby linking aviation pricing research with market-based environmental policy design.

In Uncertainty Theory, an uncertain variable & is a measurable function from an uncertainty space (I,L,M) to R, with its
uncertainty distribution defined as

DP(x) = M{E < x}vx € R )]

Common uncertain variables include:
* Normal uncertain variable N(e,c) with distribution

— T(e—X)\\-1 x ER 2
@ (x) = (1 +exp(" =) @
Linear uncertain variable L(a,b) L(a,b) L(a,b) with distribution
0x<a 3
-a
P(x) = — @ <x<b
1 x=b
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0x<a
x — a) <x<b
o) — 20 —a) 7 )
() = x+c— T
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Uncertain programming, introduced by Liu, addresses optimization problems with subjective or belief-based uncertainty.
Given a decision vector x and uncertain vector &, the uncertain objective function is optimized via its expected value:

Min E[f(x,©)] ®)

s.t:M{gi(x,§) <0}z a;, j=12,....,p

If the objective is increasing in &, 5, ..., § and decreasing in &y 1, Eya, -, &p, its expected value is expressed as [22]:
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3 .Problem Definition and Modeling

The objective of this study is to determine optimal airline ticket prices across flight classes to maximize expected revenue
under uncertainty. Pricing decisions in the aviation sector are influenced by several uncertain factors, including demand
fluctuations, macroeconomic conditions, and environmental regulations. To address these uncertainties, Liu’s Uncertainty
Theory is employed as a framework for modeling belief-based uncertainties derived from expert judgments.

In the proposed model, carbon cost is incorporated into the objective function as an uncertain economic parameter. The
key purpose is to analyze how integrating carbon cost based on experts’ belief degrees affects airline pricing strategies and
expected revenue.

3.1. Indices, Parameters, and Variables

Index Parameters

J : flight class index M : total seat capacity
Decision Variable  : uncertain inflation rate
C; : demand in class j § : uncertain seasonal factor
PJ: ticket price in class j M/ :number of seats in class j

Tax; : estimated carbon tax for class j

The airline operates with a fixed seat capacity distributed across classes. Ticket prices are dynamically adjustable during
the booking horizon, while demand, inflation, seasonal effects, and carbon cost are modeled as uncertain variables.
The optimization model is defined as:

3
n;e}xz C; (p) — Tax;)
j=1

C, <M!?
C, < M? @
1+w)p/ <(A+6)P),j=1,2
p/=0
.6 = 0.
Applying the expectation operator converts the uncertain model into a deterministic form:
3

(p/— Tax.
n;’a}xE{]ZlC](p] axj)}

E{C;} < M*

E{C,} < M? 3
E{0+wp/}<E{Q+&)P}, =123

p/ >0, Tax; >0

w,d = 0.

3.2. Research Limitations

The model assumes fixed aircraft capacity and a predefined class structure, and it does not consider competition among
airlines. In addition, uncertain distributions are derived from expert judgments, which may not fully capture all market
dynamics.

4 .Results and Discussion

Model (8) was applied to an Iranian airline with a capacity of 240 seats. The uncertain distributions for key variables
including demand (j, inflation w, seasonal factor §, and carbon tax Taxjwere estimated using expert judgment through the

Delphi method and uncertainty regression. This approach allowed the model to work reliably even without historical data.

Estimated Distributions
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Passenger demand was modeled with logistic uncertainty distributions for both classes.
Inflation and seasonality were modeled with linear distributions.
Carbon taxes for the two classes followed zigzag uncertainty functions.

Optimization Results

Solving the model in MATLAB produced the following outcomes:

Total revenue: USD 8,851

Economy price: USD 41

Business price: USD 71.5

Total carbon tax: USD 1,108

The demand pattern shows high price sensitivity in autumn and a shift toward essential travel. This highlights the
importance of including seasonal and macroeconomic factors in dynamic pricing.

Validation

A comparison between the uncertainty model and a probabilistic model showed similar decision-making behavior, even
though the exact numbers differed. This consistency confirms that the uncertainty-based approach is stable and reliable,
especially in environments with limited data.

Sensitivity Analysis

Three carbon-tax allocation scenarios were examined:

Scenario 1: Airline pays the tax — lowest revenue and highest financial pressure.

Scenario 2: Customer pays the tax — highest revenue but potential fairness concerns.

Scenario 3: No carbon tax — moderate revenue but weak environmental performance.

Overall, the results show that carbon tax is not only a cost. It also works as a behavioral signal that reshapes demand across
classes and encourages more sustainable travel choices.
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