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Abstract:

The load factor is the determining factor for airlines in economic terms and the prediction of the future devel-
opment of the flight route. The combination of load factor and break-even point provides the airline with a
comprehensive picture of the business of the flight route and the optimization of pricing for the flight route.
The purpose of the article is to propose and adapt the development of air transport prices on a given line using
maximally recalculated values and maximize profit. The optimized calculation algorithm then facilitates the
understanding of the individual steps of the load factor calculation and the monitoring of price development
by means of the chi-square mathematical method by which we observed the interconnection of the ticket price
and the load factor. To describe the problem, we chose the Bratislava — Larnaca route.
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INTRODUCTION

One of the most widely used ways to determine airline
pricing and profitability is the load factor. The load factor
determines the aircraft utilization rate, which is the deter-
mining factor for the correct setting of pricing for the air-
line. The main reason for creating a scientific article is our
endeavour to use algorithmic optimization in this field of
research and also very low number of published scientific
papers in the field. At the same time, only a limited num-
ber of authors deal with linking optimization with the load
factor.

Pricing is one of the basic areas addressed by airlines, as
airlines, like many other businesses, have a lot of invest-
ments and operating expenses. The aviation market has
always been the center of price competition. Airline pric-
ing has a long history, escalated mainly by deregulation of
airlines in the late 1970s [16]. The process of deregulation
of air transport has been linked to the process of interna-
tionalization, globalization, the expansion of freight
transport and many other factors that have led to a signif-
icant increase in air passenger numbers (both private and
business). All these factors have had a significant impact
on the development of airline pricing strategies [6]. Airline
pricing is an integral part of revenue management. The
success of revenue management is based on the fact that
customer segmentation and pricing blocks based on it ac-
curately reflect current market conditions. Incorrect and
inefficient revenue management practices result in poor

pricing, which may result in reduced revenues and poten-
tial loss of market share [21]. The correct revenue man-
agement setting is attributed to an increase in airlines'
revenues of more than 6% [22].

In this article, we also focused on the use of load factor
with ticket price. To determine this relationship, we de-
cided to use the chi-square mathematical method, which
is designed to investigate the interconnection of two in-
dependent factors. Using an optimized algorithm of cost
calculation, load factor, break-even point and optimized
price calculation, we designed the process of pricing for
transport with respect to limiting factors and total oper-
ating costs.

LITERATURE REVIEW

The load factor or, in our case, the particular passenger
load factor (PLF) describes the efficiency of a particular
route and is therefore one of the most widely used factors
to describe the performance of the airline. High load fac-
tor is the direct indicator of the profitability of the airline
and it is therefore important to monitor its development
as well as the factors affecting it [12].

The load factor also has a decisive impact on the cost and
quality of air transport services offered, as approximately
65% of the airline's costs are incurred in operating aircraft
and based on the number of passengers carried on a par-
ticular aircraft. The high load factor means that the costs
are redistributed between a sufficient number of passen-
gers on the route, resulting in lower ticket prices [25].



S. SZABO et al. — Algorithmic Optimization of the Calculation with the Consideration... 35

However, a very high load factor may not always mean the
profitability of an airline, especially if its revenue is low
and costs are too high. On the other hand, a low load fac-
tor need not be critical if the revenue per unit sold is high.
So the load factor tells you how much aircraft capacity
was actually sold. It is expressed in units of passenger-kil-
ometre [5].

Although the load factor is one of the most important fac-
tors indicating the profitability of an airline, there are dis-
proportionately few studies on the interconnection of the
load factor and economic analyses to design a specific air-
line's pricing. In many studies, the term load factor ap-
pears as an auxiliary variable or one of the descriptive
characteristics. In most cases, the load factor is encoun-
tered in relation to the concept of air transport deregula-
tion, where it is one of the factors compared, as is the case
with Ref. [3], which analyses the merger and dominance
of airlines. This is also the case, for example, in Ref. [1],
[8][14] comparing the period before and after deregula-
tion of air transport.

Pricing is given more attention than the load factor itself.
Pricing research is in most cases devoted to dynamic pric-
ing [2], [9], [13], [23], which is precisely defined in a study
[26]. Research into pricing in the aerospace industry in-
cludes research by authors Ref. [18], in which the authors
developed a dynamic programming formulation for reve-
nue management based on aviation pricing. The authors
show positive numerical results of the proposed pricing
method in connection with revenues. Research on Ref.
[11] also deals with dynamic pricing. In the framework of
the research the authors consider relatively new impacts
affecting revenue management of airlines such as internet
distribution. The authors analyse the current features of
Global distribution system — GDS and propose ways to use
it to implement dynamic pricing, similar to Internet capa-
bilities [11]. A similar issue is also dealt with in Ref. [4],
which deals with Internet Price Effect (IPE), which deals
with the dynamic pricing of electronic tickets. Authors
Ref. [19] deals with revenue management model through
optimization of fare locking options commonly offered by
airlines. The authors' approach is based on the approxi-
mation of linear programming in relation to the distribu-
tion of seats during the flight and the design of a dynamic
program that separately manages the capacity of each
seat. Ref. [17] deals with the relationship between fare,
ticket characteristics and flight load factors, thus investi-
gating why passengers are willing to pay different prices
when flying with the same airline on the same route. In
the research, the authors point out the dispersion of air-
line prices. Pricing theory is divided into two groups. The
first assumes that airlines are applying prices on the basis
of scarcity and predicts that the fluctuations in ticket
prices are due to differences between high demand and
low demand periods. A second group of theories is that
airlines practice price discrimination by using ticketing re-
strictions to segment customer willingness to pay [17].

In pricing, many studies are concerned with optimizing
pricing based on various factors such as Ref. [7], which de-
velops revenue optimization theory through seat inven-

tory control or Ref. [24], which describes a marginal ex-
pected revenue transformation that facilitates optimiza-
tion using customer selection models.

Based on the literature review we have confirmed that
there is very little to no link between pricing and the load
factor between the researchers analysed. The research is
based on the calculation of the load factor as one of the
important pricing factors.

METHODOLOGY

The article describes the development of the load factor
and ticket prices and their interdependence as two factors
that are crucial in the long-term planning of pricing pro-
cess. Optimizing the calculation of the load factor, break-
even point and the resulting ticket price is an example of
airline ticket pricing. In our case, we also designed an op-
timized algorithm that simplifies this process. We used
real values and cost base on the Bratislava — Larnaca line
for the calculation. From the airline's point of view, the
above factors are crucial and their correct understanding
is a fundamental determinant in airline pricing process.

Load factor formula

The load factor is calculated using the number of passen-

gers and the seating capacity of the aircraft. This calcula-

tion gives us the percentage of aircraft utilization.
Number of passengers

= X 0,
Load Factor Seat load capacity of the aircraft 100% (1)

Chi-square is in mathematical statistics any test of statis-
tical hypothesis, whose test criterion is assuming the va-
lidity of the null hypothesis of chi-square distribution. Of-
ten, chi-square tests appear in testing discrete distribu-
tion hypotheses where the frequency of different values
of the observed traits is used.
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Flight costs

The cost of the flight is a direct expression of all the ex-
penses associated with operating the aircraft per rotation
[15]. These costs are fixed and their amount may vary only
partially with the number of passengers [20], which does
not affect the cost base for the calculation.

Calculated flight costs:

— Aircraft 2967 €
— Crew 836 €
— Maintenance 3827 €
— Insurance 649 €
—  Fuel 6893 €
— Navigation fees 1559 €
— Airport fees 5000 €
— Bus transfer 1932 €
— Crew per diems 205 €
— Overhead ASK 1552 €
— Total cost 25420 €
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Figure 1 shows us a direct dependence of the catering
price on the number of passengers. The airline has a fixed
unit price for catering, which is continually increasing with
the number of passengers and is therefore a variable com-
ponent of the cost of the flight. Prices in the chart range
from 170 € to 1710 € with 10 percent spacing.
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Fig. 1 Catering

Figure 2 shows a gradual increase depending on the occu-
pancy of the route and thus on the load factor. Measuring
revenue from a given flight route is an important part of
the process of determining the profitability of a line and
the rate of return on investment. This chart helps us iden-
tify where we reach the brake-even point and the revenue
from the airline exceeds the cost of operating the above
line. The graph shows revenue growth from 5773 € to
57730 € with 10 percent spacing.
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Fig. 2 Revenue

The profit or loss graph (see Figure 3) combines a gradual
coverage of the cost of operating a given flight route de-
pending on the load factor. Total costs were calculated at
25420 € without catering, which is a variable cost compo-
nent. Break-even point is reached at 46% load factor.
From this point the above line begins to be profitable. At
a maximum load factor of 100%, the profit is equal to
30588 €.
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Fig. ‘3 Profit/Loss

Figure 4 and Figure 5 shows yield and costs per 1 passen-
ger-kilometer. RPK — Revenue per passenger kilometer
represents the average amount the passenger pays for
one kilometer. The cost per passenger-kilometer starts at
0.0490 € and continuously increases to 0.0520 €. Depend-
ing on the load factor, costs increase slowly and we can
conclude that the difference between 10% and 100% load
factor in terms of cost per passenger-kilometer is not
great. Revenue/Yield per 1 passenger-kilometre starts at
0.0111 € and rises to 0.1106 €. Revenue growth is much
faster than cost. The operation of the line becomes prof-
itable at a load factor of 46%, and line reaches brake-even
point when revenue per 1 passenger-kilometre is 0.0509
€ which exceeds the cost per 1 passenger-kilometre are
0.0502 €. The ideal situation is always 100% load factor
where revenues 0.1106 € more than double the costs
0.0520 €.
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Fig. 4 Yield per RPK

COSTS PER RPK
0,0525

0,0520
0,0515

0,0510
0,0505
0,0500
0,0495
0,0490
0,0485
0,0480
0,0475

10% 20% 30% 40% 45% 50% 55% 60% 65% 70% 75% 80% 85% 90% 95% 100%

Value in €

Load factor

Fig. 5 Costs per RPK

Figure 6 shows the percentage of operating profit on the
Bratislava — Larnaca route. This graph increases by 10 per-
cent and the lowest point of the graph with a load factor
of 10% can be seen loss calculated at 343.36%. Break-even
point occurs at a load factor of 46%. At this point, the op-
erating profit is equal to 1.30%. The ideal situation is a
load factor of 100%, with an operating profit of 52.99%.
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RESULTS

The goal of optimization of the cost calculation for a given
flight was to analyse the partial costs constituting the cost
basis of the flight. Based on these parameters, an applied
break-even point parameter has been defined based on
which the airline can built pricing policy.

Break-even point

The break-even point represents the sales amount —in ei-
ther unit (quantity) or revenue (sales) terms — that is re-
quired to cover total costs, consisting of both fixed and
variable costs to the company. Total profit at the break-
even point is zero. It is only possible for a firm to pass the
break-even point if the value of sales is higher than the
variable cost per unit. In our case the achievement of
break-even point is directly dependent on the load factor,
which must reach at least 46%.

Brake-even point key indicators:

— Total costs 25420 €

— Catering 788 €
— Revenue 26551 €
— Profit 344 €
— Yield pre RPK 0.0509 €
— Costs per RPK 0.0502 €
— Operating profit margin 1.30%

Figure 7 shows us the development of the price for
transport, which is influenced by the load factor on the
given line. The price starts at 217 € at which point the air-
craftis loaded to a maximum of 10%. Slight price develop-
ment is characterized up to the break-even point when
the aircraft load is equal to 46%. From this point onwards
the price becomes more pronounced ascending. The most
significant differences are between the 80% load factor
where the price is 695 € and the 100% load factor in the
price of 2062 €. This price range is based on the pricing
policy of this flight route.
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Fig. 7 Ticket price

Algorithm A1l is used to calculate Catering, Basic costs and
Total revenue and is not optimized (see Figure 8). Algo-
rithm Al has a number of unknowns A1 - As, which are
constants and thusiit is easier to express them through the
variable Bc - Basic costs. In addition, the algorithm does
not take into account the variable Total income, which is
more important for the airline than Total Revenue. Algo-
rithm A2 is more complex and optimized for calculating
not only Total Income but also calculating the Load Factor
correlation and ticket price (see Figure 8).

The A2 algorithm offers more outputs at fewer inputs
than Al and is optimized for use on flight route.
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Fig. 8 Algorithms A1 and A2

List of variables:

A; — aircraft costs, A; — crew costs, A; — maintenance, Ay — insur-
ance, As — fuel, Ag — navigation fees, A; — airport fees, Ag — bus
transfer, A; — overhead ASK, B. — basic costs, D — catering,
K — unit price per catering, P — number of passenger, TR — total
revenue, n — number of blocks, B; — block seats, C; — block price,
T; — total income

By analysing this data, we found a significant impact of the
load factor on the ticket price. This effect is shown by a
graph (Figure 7) where it can be seen that the price rises
with the load of the aircraft. For the mathematical ra-
tionale of this analysis we used chi-square. Chi-square cal-
culation is in our case combining ticket price and load fac-
tor via calculation of expected and real value (see Table
1). This calculation focuses on the interconnection of the
load factor and the ticket price to answer the question
whether the two variables are interdependent or not. The
expected value describes the expected value of the tickets
sold and the real value describes the actual value of the
tickets sold and their dependence on the load factor.
Based on the chi-square calculation, we verified the hy-
pothesis that we say that at the significance level a = 5%
we are using the formula for the calculation of chi-square
calculated a total chi = 0.999999998. This value confirms
the hypothesis, there is a strong interconnection between
the load factor and the ticket price. Another suggestion is
to use an optimized algorithm to calculate individual un-
knowns such as total income.
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Table 1
Input values for chi-square calculation
Ticket price (in €) Expected value (in %) Real value (in %)
2062 19 5
1379 13
1037
832
695
598
524
468
422
385
354
327
305
268
253
240
228
217
Total 100% 100%
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DISCUSSION

One of the important factors of the airline's economic
analysis is the load factor. Load factor and break-even
point are the determining factors in the process of deter-
mining the profitability of the line and lead the company
to optimize the pricing policy based on these parameters.
The general procedure for calculating the load factor and
some economic parameters is shown in the following al-
gorithms. The process of optimizing algorithms is as im-
portant as using them due to the fact that an incorrectly
determined algorithm does not provide us the required
data. We used chi-square calculation to determine inter-
connection between load factor and the ticket price. As
stated above in literature review none of authors used in-
terconnection of load factor and ticket price via chi —
square calculation in pricing policy of airlines. Contribu-
tion of using this method is based on a strong correlation
of the parameters used, thereby optimizing the currently
used pricing policy of airlines.

CONCLUSION

Defining an effective Pricing policy is one of the most im-
portant and demanding activities of airlines. A well-de-
fined pricing policy helps the airline effectively manage its
profitability. Airlines use individual methods to define
pricing policy parameters. Based on an analysis of domes-
tic and foreign scientific papers, we found that airlines pay
more attention to pricing policy than the load factor and
do not link load factor with pricing policy. Most airlines
currently use dynamic pricing policy [2, 9, 13, 23, 26]. In
this research we use the parameter load factor to define
pricing policy.

The load factor is one of the basic factors influencing the
economic analysis of the airline and its subsequent opti-
mization, especially in terms of pricing and pricing policy
options available to the air carrier at that time. In our case
we chose the Bratislava — Larnaca route. The graphs de-
scribe the development of costs and revenues of the
above-mentioned airline. Another area we dealt with was

the creation of an optimized algorithm for calculating the
key economic parameters of the airline. This algorithm
serves as a general guide and can be applied to any flight
route. We examined the interconnection of the ticket
price and the load factor using the chi square mathemati-
cal method. This mathematical method examines the cor-
relation of two independent variables. In our case, the re-
sult of this analysis is a strong correlation of the above-
mentioned factors and thus the factors are interdepend-
ent.
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