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A FREIGHT TRANSPORT CHAIN CHOICE TAKING 
ACCOUNT THE UTLITY  

Emília Madudová, Andrej Dávid1 

Summary: The paper describes the problematice of a freight transport supply chain choice 
taking account the utility. The utility function is mostly calculated from the container 
transport statistics. Container transport refers to the transportation of goods in 
standardized re-sealable transportation boxes by rail and sea. The utility theory is 
mostly connected with the consumer and consumption theory. When thinking of 
transport services, demand (consumer) and suppliers influence the decision making 
process of transport. Three key factors are identified: environmental efficiency, time 
and transportation capacity 
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INTRODUCTION 

The choice of transport mode is a key decision in freight transport and has  a direct influence on 
goods flows, congestion and other derived external costs. Today, most long distance shipments are 
transported in chains (1) as it is hereby possible to utilise advantages of the particular modes or vehicles 
in the most productive manner (2). With the increase in freight transport (3) there is an increasing need 
for selecting the most beneficial or efficient alternative in a given scenario in freight transport (4-6). 
However, what is deemed positively beneficial or efficient to one group, may be viewed as a negative 
alternative by others (7-9).   

1. LITERATURE REVIEW  

Although the concepts and mathematics of utility theory and its application to adjusting 
valuations to reflect the perspectives of decision makers with a range of risk preferences have 
been established for decades, utility functions are now extensively used to assist evaluation of 
freight transport (rail and sea not excluding) hedging and trading of financial and physical 
commodities from the risk preferences of the parties involved (10).   

The notion of satisficing was echoed by Lindblom (1959) who felt that because of 
bounded rationality, and a deficit for information and time, decision-makers tend to 
incrementally muddle through the process of making tough choices (11). To a large extent, 
people’s preferences and their support to investment decisions depend, among other factors 
defined by Penyalver et al. (2018); Lewis (2001); McLachlan and Gardner (2004) on their 
experiences and expectations on the positive and negative outcomes that may result from 
investments with capacity to constraint individuals’ future choices (environmental impacts, 
travel time savings) (12-14).  
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In transport systems theory, to simulate users’ behaviour, the decision process is often 
based on Random Utility Models (RUMs), on the concept of rational users, and on the following 
assumptions (15-17). 

The choice of transport mode is a key decision in freight transport and has direct influence 
on goods flows, congestion and other derived external costs (18-20).  

The user considers mutually exclusive alternatives and adopts for each alternative a 
perceived utility function of a set of measurable characteristics (2,21-22). 

Perceived utility is not completely known by the analyst for the user; the analyst 
represents perceived utility with a random variable and evaluates the choice probability for each 
alternative because of the probability that the perceived utility of the alternative is greater than 
the perceived utility of the other alternatives (23). 

2. METHODOLOGY 

 The paper analysis datasets of the busiest cargo ports in Europe according to Eurostat 
statistics (24). Authors have described the SWOT analysis of water transport and SWOT 
analysis of rail transport. 

Furher on, authors have analysis the derived utility function of transport services (rail and 
water/sea containter transport) of five countries. The countries have been chosen according to 
the Europe´s busiest cargo ports by tonnage (Port of Rotterdam and Amsterdam (Netherlands), 
Port of Antwerp (Belgium), Port of Hamburg (Germany), Port of Marseille (France), 
Novorossisk (Russia).  

The data was analyzed in time period 2008 – 2017 corresponding OECD (25) container 
transport statistics refers to the transportation of goods in standardized re-sealable 
transportation boxes by rail and sea. Data are expressed in thousands of tons (Kt). The 
identification of derived utility function of rail and sea container transport consisted of 
selection, grouping and judging the indicators, weighting and calculating.    

Selection, grouping and judging the indicators: First, proper performance indicators are 
selected covering different aspects of utility. Then, the indicators were grouped into categories 
(groups). For the purpose of this paper, the main groups of indicators were defined:  
environmental efficiency, transport time, availability and capacity.  

Based on (26 - 27), defined the Value of Travel Time (VTT) as:  
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where μ is Lagrangian multiplier of the time constraint, λ is marginal utility of income, U 

is direct utility and T is travel time.  
Weighting: Pair-wise comparison technique is used to derive relative weights of each 

indicator. This method is based on the analytic hierarchy process (28) Where ω represents 
a weighting of the dataset. The Ui value is calculated by multiplying each normalized indicator 
value with its weight and summing up all multiplications, where U is utility and ωij is the weight 
of indicator X, for the group of indicators j in time t. The weight of each dimension is estimated. 

ωij = ∑ ߱௜௝	
௡
௜௝           (2) 
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Uijt= ߱௜௝ ∑ ௝ܺ௧
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௝௧          

 (3) 
Calculating: The utility function is modelled as a standard Cobb-Douglas function, where 

choice alternatives are represented by chosen determinants. The Utility function is formulated 
as: 

U= A. ܺఈܻఉ          (4) 

where X and Y are two different goods, concretely X – sea container transport and Y rail 
container transport. The Cobb-Douglas function is three dimensional with utility or output 
measured along the vertical axis. The Cobb-Douglas utility function has been transformed into 
a linearized version using the natural log function.  

ln f(x)= ln(xα)= α.ln(x)          (5) 

ln U= ln ൣܺܣఈܻఉ൧          (6) 

ln U = ln (A) + ln ሺܺఈሻ + ln ሺܻఉሻ       (7) 

ln U = ln (A) +α ln (Xሻ +β ln ሺܻሻ 
Measures of output of logarithmic value were calculated by the multiple linear regression 

coefficient:  

μ= β0 + β1x1 +  β2x2... βnxn,  when, 0< α < 1, 0< β < 1.      (8) 

β0 = ln (β0)                                                                                                       
(9) 
   

β0 = e β0                                                                                                                                                 

(10)   

3. RESULTS 

Container shipping, as a transportation mode serving the interregional (intercontinental) 
carriage of freight, is operated under managed hub-and-spoke networks, which are subject to 
fixed time schedules, routes, and ship calls. Briefly, the typical process of container shipping 
consists of two parts: transportation in trunk and transportation in feeder routes. Container ships 
navigating a specific trunk route call only at designated major ports for loading and unloading, 
but not at small-scale regional ports. For container shippers close to a regional port (and far 
from a major port), port choices for transshipment are mainly determined by the minimization 
of “generalized” transportation costs including overland transportation costs and time costs in 
the feeder routes. Figures 1 and 2 describes the strengths, weaknesses, opportunities and threats 

of the water and railway transport. 
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Strengths Weaknesses 

• Water transport has got lower travel costs 
than other modes of transport (road or 
railway transport),  
• water transport can carry the biggest 
volume of goods (especially bulk cargo) in 
comparison with other modes of transport, 
• water transport is environmentally 
friendly; it has got the lowest impact on the 
environment in comparison with other 
modes of transport,  
• safety of navigation,  
• cooperation of water transport with other 
modes of transport (road and railway 
transport) in transport chains. 

• Low transport speed of water transport, 
• low density of waterways in comparison with other 
modes of transport,  

• insufficient maintenance of water transport 
network, 
• high costs for modernization of fleet and 
infrastructure.  

 
 
 

Opportunities Threats 

• Spare transport capacity of some 
european waterways,  
• raising demands for environmentally 

friendly transport modes.  
 

• Water transport is depended hydrological and 
meteorological conditions (low, high water level, 
icebergs on waterways and their movement, 
freezing of waterway).  

 
Source: Authors 

Fig. 1 – SWOT analysis of water transport 

 

Strengths Weaknesses 

• Railway transport has got lower travel 
costs than other modes of transport (road 
or air transport),  
• eco-friendly since most of the train are 
powered by overhead electric wire, no 
carbon emission is produced, 
• railway transport can carry bigger volume 
of goods (especially bulk cargo) in 
comparison with road transport,  
• cooperation of railway transport with 
other modes of transport (road and water 
transport) in transport chains. 

• High maintenance cost, that can be found in every 
railway company,  
• lower density of railway network in comparison 
with other modes of transport (road and water 
transport), 

• low flexibility, with the limited choice of 
destination, 

 • sound pollution produced from the engines sound. 
 
 

Opportunities Threats 

•   Technology improvement, 
• raising demands for environmentally 

friendly transport modes,  
•  increasing employment rate. 

• Losing market share, with the rise of air, water and 
road transport industry,  

 • better services provided by the other modes of 
transport, 

• technology change, rapid improvement in the world 
of technology and high capital costs necessity. 

 
Source: Authors 

Fig. 2 – SWOT analysis of railway transport 
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When considering environmental efficiency, values of CO, CO2, HC, NOx, SO2, 
Particulates, VOC, have been assign weight a weight according a research results (29). 

 

Tab. 1 – Derived Utility function 

Country Utility function α+β 

Netherlands U= 1,06. ܺ଴,ଽܻ଴,ଵ 1 

Belgium U= 1,05. ܺఈ଴,଼଼ܻ଴,ଵଶ 1 

Germany U=1,46. ܺ଴,଺଼ܻ଴,ଷଶ 1 

France U= 1,31. ܺ଴,଻଼ܻ଴,ଶଶ 1 

Russia U= 1,50. X0,62Y0,38  1 
Source: Authors 

 
As reported by the main results of Jong and Kouwnhoven (2018) and McLachlan (2004) 

studies is, the VTT in euro/hour (2010 prices) Train 9,25, Navigation 8,25 (including container 
transport), so navigation is assign weight higher than train (14,27)  

Availability depends on geographic network, since the authors have calculated the data 
binding to European countries, they have valuated the availability of the rail network higher 
than the availability of ports.  

Consequently, author suppose, that vessel transport capacity is far greater than the rail 
transport, for example, a 10.000 t ship is generally equivalent to the load capacity of 250 to 300 
wagons (29).  

All the data have been divided into four datasets. ωen (weighting of environmental 
efficiency), ωtt (weighting of transport time), ωa (weighting of availability), ωca (weighting of 
capacity).    

The deterministic utility of a mode is defined from a number of relevant attributes X 
describing sea container transport, Y describing rail container transport and U describing utility, 
derived from the determinants of the environmental efficiency, transport time, availability and 
mode capacity. All the results are described in Table 1.  

The authors assume the concept of utility maximization, when making a purchase 
decision, a consumer attempts to get the greatest value possible from expenditure of leas amount 
of money. Customer objective is to maximize the total value derived from the available budget. 

When consumer choose to deliver goods throug the rail or sea, it is not possible to deliver 
the same cargo simultaneously, so the customer replaces one mode of transport with another. 
This rule, combined with the budget constraint, give us a two step procedure for finding the 
solution to the utility maximization problem. 

4. CONCLUSION 

The paper describes the utility maximization problems of consumer choice of sea (water 
transport) and rail transport in case of five countries. The primary data have been divided into 
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four datasets of   ωen (weighting of environmental efficiency), ωtt (weighting of transport time), 
ωa (weighting of availability), ωca (weighting of capacity). 

The utility of the use of water transport is constantly growing. Water transport has lower 
freight costs than other modes of transport (road and railway transport). Water transport can 
carry the largest amount of cargo (especially bulk cargo) compared to other modes of transport. 
Water transport is friendly to the environment, has the least negative impact on the environment 
compared to other modes of transport. 

Ultimately, based on estimated utility values, and considering determinants of time, 
transport cost, transport time and geographical information about available terminals at origin 
or destination of the shipment it is possible to derive a utility function and estimate the utility 
of consumption. In case of the water and rail transport it is possible to derive the utility of 
consumption of ports and train networks and model the demand function not only according to 
transport volumes. 
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