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CARGO FLOWS MANAGEMENT MODEL OF NETWORK AIR 
CARRIER 

 
This paper describes modeling of cargo flows management of a network air carrier by 
a model that allows to use the advantage of well-developed packages that implement 
linear programming methods. Several characteristics of the underlying mathematical 
models are presented and the stages of the modeling process are determined. 
JEL: C6; R42; L93 

 

 

Introduction 

The issues of simulating the networks are extensively studied in the last years (Ford Jr., 
Fulkerson, 2010; Vitanov, Vitanov, 2016, p. 108-114; Vitanov, Vitanov, 2018, p. 635-650). 
Especially interesting is the research on flows of networks connected to airports and 
airlines. Several examples of such research are: planning the network of air transportation, 
service routing and planning of the crew schedule (Schön, 2008); sequential modeling of 
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airline networks (Barnhart, Cohn, 2004, p. 3-22); modeling cargo flows (Derigs, Friederichs, 
Schäfer, 2009, p. 370-380; Schön, 2007, p. 362-366); determining airport hubs (Alumur, 
Kara2008, p. 1-21); infeasibility of accounting for economies of scale in the modeling of 
airline networks (Kimms, 2006, p. 293-317); effect of the implementation of "SolidWorks" 
systems of three-dimensional parametric modeling in the organization of delivering super 
heavy and oversized cargoes (Lytvynenko, 2012, p. 170-175). Below we consider the 
problem of cargo flows management of a network air carrier on the basis of logistics and 
discuss a two-stage model of cargo flows management. This model includes a mathematical 
model of rapid response in the short-term time interval, as well as a non-linear multi-
product transport flow model that allows to quickly take into account information 
uncertainties and the risks of decreasing demand for the air carrier services. 

 

Models and results 

The models of cargo transport flows are described in detail in (Voitsehovskiy, 2016, p. 34-
41; Voitsehovskiy, 2017, p. 50-55) (especially the mathematical part of the model is 
discussed in (Voitsehovskiy, 2017, p. 50-55)). The model of carriage flows describes the 
selection of cargoes and the dynamics of their carriage at fixed prices for transport and 
fixed demand. The non-linear dynamic model of carriage flows’ planning (Voitsehovskiy, 
2017, p. 50-55) describes the process of planning the sales of carriage volumes, taking into 
account the possibility of variation in the prices of transportation and the impact of prices 
on demand. In the non-linear dynamic model of carriage flows planning many variants of 
cargo carriage contracts are considered. Within the framework of the contract variant, both 
the category of cargo and the price of carriage are taken into account, as well as the initial 
and final period of carriage, the time interval between the conclusion of the transaction and 
the carriage commencement. We note that the above models have many variables and 
limitations and from a practical point of view, solving a problem with such a large number 
of limitations and variables may be problematic. Therefore we propose to reformulate the 
problem of cargo flows management as a two-stage one, which has made it possible to take 
advantage of well-developed packages, which implement linear programming methods. 

The stage-by-stage approach of modeling in the process of implementing the system of 
cargo flows management of a network air carrier based on logistics is presented in Figure 1.  

The planning of airline operations may be conditionally divided into three stages according 
to the time period being covered. This is forecast, ongoing and operational planning. These 
variants are compatible with all three proposed models. The models from Figure 1 are 
linked between each other by the use of the same input information about the environment 
in which the airline operates, about the airline itself and information exchange, as for one 
model it is the input information while for the other it is the output information. The models 
are distinguished by the detailed nature of the information used and by the detailed 
description of the transport process. 
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Figure 1 
Stage-by-stage approach of modeling within the process of implementation of cargo flows 

management of a network air carrier based on logistics 
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The cargo flows are analyzed in the proposed model as per carriage destinations and 
categories in dynamics. On the grounds of information about individual cargoes, options for 
carriage of individual cargoes are formed. These data and information on conditions for the 
sale of individual cargoes carriage comprise the initial data for modeling the selection, 
storage and carriage of a variety of individual cargoes. Thus achieving full occupancy of 
the flights on the grounds of which the dynamics of carriage of the selected set of 
individual cargoes is established. We note that to model the planning of free tonnage, it is 
necessary to provide detailed statistical information on the concluded contracts and the 
carriage orders sold by the airline itself and by other carriers, marketing information about 
carriage demand and the impact of prices on demand, as well as information about the 
flights planned by the airline itself. Subsequently, the carriage prices are determined subject 
to the contract variants and destinations, as well as the planned volumes of carriage subject 
to the contract variants and destinations. Based on this data and information about the 
conditions of cargo storage at airports, the modeling of transporting cargo flows traffic and 
achieving full occupancy of the flights is carried out. The characteristics of the above 
models are shown in Table 1. 

Table 1 
General characteristics of the elaborated mathematical models 

Characteristic Linear dynamical model 
of transport flows 

Model of operational 
management of cargo 

flows in real-time mode 

Non-linear dynamical model 
of transport flow planning 

Designation  Carriage planning  Carriage operational 
management  

Planning of free tonnage 
sales  

Model type  Linear dynamical  Linear dynamical  Non-linear dynamical 
Variable Continuous Continuous and Boolean  Uninterrupted 

Admissible 
dimensions May be large  

Limited by the possibilities 
for solutions to problems 
with Boolean variables  

Limited by the possibilities 
for solutions to the non-

linear (nonconvex) problems 

Carriage demand 

Fixed, aggregate within 
the limits of the 
categories and 
destinations  

Fixed, individual, per 
cargoes  

Aggregate as per variants of 
contracts, manifesting as a 

function of the price 

Prices per 
carriage  Fixed  Fixed  Manifesting as variables of 

the model  

Cargo  
Considered as part of the 
flow along the network 

for cargo categories  

Available individual path 
and transport means  

Considered as part of the 
flow along the network for 

contract variants  

Storage  In aggregate for the 
airport  

In aggregate and in 
aggregate per categories  Not to be considered 

Carriage order 
withdrawal  Not to be considered Admissible, with fines Not to be considered 

Cargo 
limitations for 
flights  

Per categories and in 
general  

Per categories and in 
general In general  
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The model (Voitsehovskiy, 2017, p. 50-55) determines the optimal price under certain 
conditions, the periods of such conditions, and yet not in all cases these are all the possible 
conditions that should be taken into account, and therefore, other additional conditions may 
be added. It is determined by the function what the demand under these conditions will be, 
depending on the price. As a result, when these queries are combined between each other, 
the model compares and sets the optimal prices of the carrier. In model [12] there are two 
important variables: how much cargo the air carrier transports and at what price. Also there 
is one more function, namely time indexes, and hence for different indexes there will be 
different functions that depend on the price in a certain way. The condition that the greater 
the price the more we earn will also be valid here, and yet the demand for the capacity 
offered by the air carrier will then diminish. Table 2 shows a fragment of initial data of the 
cargo flow management model according to the data of the “Ukraine International Airlines” 
for 2016.9 

Table 2 
Fragment of initial data of the cargo flow management model 

Route Number of 
packages 

Actual 
weight, kg 

Departure 
date 

Paid 
weight, kg 

Tariff, 
USD 

Other 
charges, USD 

Revenue, 
USD 

JFK-KBP 1 1 02 Jan 16 1 SERVICE   0 
JFK-KBP 1 3 02 Jan 16 3 SERVICE   0 
JFK-KBP 1 1 02 Jan 16 1 SERVICE   0 
JFK-KBP 1 1 02 Jan 16 1 SERVICE   0 
KBP-PEK 32 13,805 03 Jan 16 13,805 0.90   12,425 
KBP-PEK 12 459 03 Jan 16 500 1.00   500 
JFK-KBP 6 1,940 03 Jan 16 1,940 1.15 0.7 3,589 
JFK-KBP 2 250 03 Jan 16 377.6 1.35 0.7 685 
PEK-KBP 1 136 04 Jan 16 136 4.45 0.2 632 
PEK-KBP 65 1,170 04 Jan 16 1,327 3.50 0.2 4,879 
KBP-PEK 21 199 05 Jan 16 200 1.75   350 
KBP-JFK 18 445 06 Jan 16 500 1.40   700 
KBP-PEK 23 543 06 Jan 16 543 1.00   543 
PEK-KBP 107 2,505 06 Jan 16 2,505 3.50 0.2 9,269 
KBP-JFK 1 10,2 07 Jan 16 10.2 SERVICE   0 
KBP-TBS 2 67 07 Jan 16 67 1.50 5.0 106 
JFK-KBP 1 167,8 07 Jan 16 179 1.35 0.7 359 
JFK-KBP 4 895 07 Jan 16 1,728 1.15 0.7 2,614 
JFK-HEL 1 49 07 Jan 16 49 2.20 0.7 142 
JFK-KBP 1 1 07 Jan 16 2 SERVICE 0.7 0 
JFK-KBP 27 2,200.9 07 Jan 16 2,201 1.15 0.7 4,072 
 

The necessity of use of a two-stage model of cargo flows management comes from the fact 
that the use of a non-linear model is difficult to optimize, and because of this we propose to 
divide this optimization into two stages: 

                                                            
9 "Ukraine International Airlines" PJSC. Annual financial statements of the emitter. (2016). Available 
at: https://smida.gov.ua/db/emitent/year/xml /showform/98863 /165/templ. 
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1. In one of the stages to change a part of the variables; 

2. In the other stage to change the variables. 

For instance, if prices are fixed in the model, then a linear model is obtained at a fixed 
price. Then if it is linear, a double variable must be calculated, as these double variables 
indicate what the best change in the price is in order to improve the solution of the problem 
derived at a fixed price. Prices are further adjusted, the solution of the problem is modeled 
again, and then we again individualize these double variables, as by analyzing same, we can 
see that with a slight price adjustment in a certain direction we are able to obtain an even 
more optimal solution. Therefore, it is necessary to solve the problem in two stages – firstly 
considering that the prices are fixed, and then after having received information about the 
optimal solution, and having accordingly adjusted the prices, we make an iteration as per 
new prices, and solve the problem again. All this is being solved in such a cycle, until 
stabilized, thus resulting in a two-stage problem. 

 

Concluding remarks 

When managing the cargo flows by using the proposed two-stage model, the air carrier will 
be able to manage revenues and expenses when performing passenger-cargo flights in real 
time. Since the costs of loading cargo on a passenger flight are very difficult to measure 
accurately, and since it is practically impossible to separate the cost of transporting cargo 
load from passenger load, it is necessary to use assumptions. 

In general, it was found that upon transporting additional cargo loads the expenses will 
change insignificantly, the fuel costs will increase slightly due to the increase in 
commercial load. Revenues from loading cargo are measured more accurately while taking 
into account the known freight tariffs and the size of the load of flights. An increase in the 
cargo load of a passenger flight will allow for a significant net profit of the network air 
carrier, as the costs will increase at insignificant rate, and the revenues from cargo 
transportation will increase significantly. 
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