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PRICING AND SCHEDULING STRATEGIES FOR AIR CARGO 
CARRIERS: A NON-COOPERATIVE GAME APPROACH 
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Abstract. As an oligopoly market, the pricing and service strategies of one air 
cargo carrier would affect and be affected by the strategies adopted by others. 
First, we formulated the cargo demand as a Logit function to revealed forwarders’ 
preferences toward freightage, flight frequency and service reliability. Next, we 
calibrated the model by using SP and RP survey data. Then by applying one of 
the non-cooperative game approaches, i.e., Bertrand model, we solved the 
optimal freightage and flight schedules of air cargo carriers under variable O-D 
demands. 

1. Introduction 

In recent years, Taiwan’s hi-tech industry has changed significantly. Accompanying with 
all these changes, the demand of air cargo transportation has been rising rapidly, which has 
resulted in the increasing concerns regarding to speed, security, and reliability of the 
services provided by carriers. Because of the numerous competitors in the market, air cargo 
carrier becomes one of the most competitive businesses in the region. As a result, air cargo 
carriers are all devoting themselves to maintain or to raise their market shares. The 
strategies taken include freightage discount for frequent users and increasing flight 
frequency for priority freights by using available cargo spaces in passenger flights. 

As an oligopoly market, the pricing and service strategies of one air cargo carrier would 
affect and be affected by the strategies adopted by others. We applied solution concepts 
derived from non-cooperative game approach, i.e., the Bertrand model, to solve the 
problem under variable O-D demands. But first we partitioned the payoff functions of air 
cargo carriers into two parts, i.e., the revenues derived from forwarders’ demand, and the 
costs for the services. The demand was formulated as a Logit function to reveal forwarders’ 
preferences toward freightage, flight frequency and service reliability. The cost function 
was calibrated by using information provided by Oum and Yu [4], Shyr and Wu [7], and 
Tseng [8]. 
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In the case study, we demonstrated the air cargo market of Taipei to US West Coast 
served by three major cargo carriers, i.e., China Airlines (CAL), EVA Airways and 
Northwest Airlines. We calibrated the cargo demand by using SP and RP survey data from 
a stratified sampling of forwarders. Then by using the iterative feedback approach, we solve 
the problem of a non-linear mixed-integer system of equations that produces the optimal 
freightage and flight schedule of three air cargo carriers. 

2. Model Formulation 

To start with the non-cooperative game among air cargo carriers, we need to formulate the 
payoff functions [5], i.e., the revenues and the costs as functions of freightage, flight 
frequency, and service reliability, for these carriers. These models were formulated based 
on the studies by Hansen [2], Nicole [3], and Shyr and Li [6], and were described in the 
following subsections. 

2.1. The payoffs of air cargo carriers 
Because the freightage of air cargo might vary from one good to another, we focused on the 
freightage for two types of services: ordinary and priority. Usually, the priority cargo could 
be transported by passenger flights if the cargo space was available or the schedule of cargo 
flights did not meet the requirement of delivery. The ordinary cargo, on the other hand, 
would be transported primarily by cargo flights. 

The payoff of air cargo carrier k kπ  was then partitioned into the revenue from 
ordinary cargo 1kTR , the revenue from priority cargo 2kTR , and the costs of airfreight 
services kTC . That is, 
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Where the subscription of ij represented the service OD pair from i to j, Lk is the set of 
service network of carrier k. For the segment ij, the revenue from the priority cargo was as 
follows: 
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Where 2kl
ijOF represented the priority freightage for forwarder l offered by carrier k, 

2k
ijq  was the demand of priority cargo for carrier k. Similarly, the revenue from ordinary 

cargo 1kTR  could be formulated based on equation (2). 
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2.2. The demands of air cargo from forwarders 

Followed by Section 2.1, kl
ijq , the demand of air cargo from forwarder l to carrier k for the 

OD pair ij as shown in equations (3) and (4), was formulated based on a discrete choice 
model derived by Ben-Akiva and Lerman [1]. 
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Here, lm
ijQ  and klm

ijP represented the total demand and the market share of carrier k 
for type m cargo in the OD pair ij, respectively. Furthermore, the utility kl

ijV  was formulated 
as function of freightage, flight frequency and service reliability. 

2.3. The Costs of air cargo services 
Assuming that the costs for priority cargo did not affect the scheduling of passenger flights, 
we formulated the costs of air cargo services as follows: 
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Where Th and hλ  represented the fixed cost and the variable cost of aircraft type h, da 

was the flight distance of segment a, ijφ  was the flight frequency of OD pair ij, ij
aδ  was the 

dummy variable if OD pair ij included segment a, and h
ijy  was the dummy variable if OD 

pair ij was served by aircraft type h. Equation (6) described the capacity constraint of the 
network. 
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3. Case Study 
Given the payoffs in section 2, we solved the market equilibrium problem by applying 
software Mathematica developed by Varian [9] and produced Table 1 and 2. The optimal 
freightage and yearly profits were shown as follows for priority and ordinary cargo among 
major carriers and forwarders in the market from Taiwan to the west coast of North 
America. 

Forwarder High demand Low demand Airline 
Total tonnage 1500 100 
Demands (tons) 724.8 58 
Fare ($NT/Kg) 77.2 82.6 

CAL 
Profits ($NT) 46,801,065 4,801,285 
Demands (tons) 606.2 30 
Fare ($NT/Kg) 74.4 80.6 

EVA 

Profits ($NT) 53,897,469 2,364,861 
Demands (tons) 169.0 12 
Fare ($NT/Kg) 64.1 71.0 

Northwest 

Profits ($NT) 10,833,620 837,830 
Table 1. Optimal freightage for carriers and forwarders: Priority cargo. 

Forwarder High demand Low demand Airline 
Total tonnage 73500 4900 
Demands (tons) 70.4 75.2 CAL 
Fare ($NT/Kg) 38497 2107 
Demands (tons) 67.2 71.8 EVA 
Fare ($NT/Kg) 27097 1953 
Demands (tons) 55.1 63.6 Northwest 
Fare ($NT/Kg) 9398 839 

Table 2. Optimal freightage for carriers and forwarders: Ordinary cargo. 

Here, $NT was the New Taiwan Dollar (NTD), and 1 USD was equal to 32 NTD. The 
adjusted schedules of cargo flights for CAL and EVA were shown in Table 3 and 4. 

Route Frequency Weekly 
Costs 

Taipei-Tokyo-Anchorage- Los Angles 1 
Taipei-Anchorage-Los Angles 1 

Taipei-Anchorage-San Francisco 1 
Taipei-Anchorage-San Francisco-Los Angles 1 

Direct 
Flights 

Taipei-Los Angles 4 

47,094,324 

Taipei-Tokyo-Anchorage 1 
Taipei-Anchorage-San Francisco-Los Angles 1 

Taipei-Anchorage-San Francisco 1 

Transfer 
Flights 

Taipei-Anchorage- Los Angles 5 

45,483,137 

Table 3. Frequency and costs for CAL cargo flights. 
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Route Frequency Weekly 

Costs 
Taipei-Tokyo-Anchorage- Los Angles 1 

Taipei-Anchorage-Los Angles 1 
Taipei-Anchorage-San Francisco 1 

Taipei-Anchorage-San Francisco-Los Angles 1 

Direct 
Flights 

Taipei-Los Angles 6 

42,506,580 

Taipei-Tokyo-Anchorage 1 
Taipei-Tokyo-Anchorage-San Francisco 1 

Taipei-Anchorage-San Francisco-Los Angles 1 
Taipei-Anchorage-San Francisco 1 

Transfer 
Flights 

Taipei-Anchorage- Los Angles 6 

41,952,396 

Table 4. Frequency and costs for EVA cargo flights. 

4. Summary 
The calibration of demand model parameters showed that the differences between RP and 
SP were not statistically significant. As a result, the demand functions were calibrated by 
combining RP and SP data. The results also showed that the signs of estimated parameters 
were consistent with our a priori. In the case study, we found that CAL captured the largest 
share in Taiwan’s air cargo market due to lower freightage. The solution of market 
equilibrium suggested that the freightage for high demand forwarders were lower than 
those for the low demand forwarders. On the other hand, the solution regarding optimal 
freightage and flight frequencies did not differ significantly from the existing pricing 
scheme and flight schedule. The result might indicate that the market was very mature and 
efficient. 
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