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ABSTRACT  

Among various types of external costs in the transport sector, climate change costs are easily followed and studied in a 

certain period, as they are expressed only through carbon cost summarizing the impact of all greenhouse gases released 

in traffic. Considering incomparable research data in a ten year period, expressed in different units they are harmonized 

in order to become comparable. In this shape, the freight road transport shows better results in this category than freight 

rail and maritime transport. Rail and maritime transport are marked as more sustainable transport modes having low 

external costs, but it needs to recall that a large capacity and absence of accidents and congestion are mainly responsible 

for such characteristics. The comparison points to stagnation in the implementation of possible reduction of impacts of 

these modes of transport on climate changes in the observed period. 

Keywords:  external cost, climate change cost, CO2, freight transport

1 INTRODUCTION  

External costs in traffic express monetary value of damage 

caused by traffic to the environment and human health. 

Although the research had existed earlier, INFRASS/IWW 

study in 2000 founded the modern research of external 

costs and provided first systematic results with a 

comprehensive approach in terms and methodology (Banfi 

et al., 2000; Doll, 2001). Many approaches, opinions, 

methods of calculations and policies have been changed 

since then. All efforts have been made in order to make 

external costs as less as possible. Technological 

improvements of engines and fuels, “green” logistics in 

transport, tax policy, intermodal transport and other 

measures, more or less, influence the external costs. The 

values, expressed in various units, can be found in 

handbooks published periodically and supported by the 

European Union. Comparing the data from handbooks one 

can find out the trends of external costs in traffic in some 

observed period. Generally, total external costs in road 

transport are 10 to 20 times larger than in rail and maritime 

transport. Showing the trends in climate costs of various 

modes of transport is the objective of this paper. 

2 CLIMATE COSTS 

Climate costs are the type of external costs that measure 

the impact of traffic on climate changes. The climate 

change is generally described as global warming as a result 

of greenhouses gases (GHG) emissions. In 2015, 

the transport sector was responsible for 25.8 % of total EU-

28 greenhouse gas emissions (EEA, 2017). The costs have 

been calculated either as the avoidance, damage or 

opportunity costs (Korzhenevych et al., 2014). Although 

the impact on global warming of some individually GHG, 

as methan (CH4) or nitrous oxide (N2O), is 25 to 298 times 

larger than the same amount of CO2 (Parry et al., 2007), the 

final amount of all GHG is negligible related to the amount 

of CO2. This is the reason why the methodology of 

calculation of climate changes caused by traffic was 

changing. Today, the avoidance costs are calculated by 

multiplication of the total tonnes of CO2 equivalent GHG 

emission by external cost factor dependent on the actual 

carbon cost (Van Essen et al. 2008). The share of climate 

costs in total external cost can reach up to 30%, so 

determining the carbon price is not only economic but also 

a political problem (Schreyer et al., 2004). 

Despite the problems mentioned above, as well as the 

sensibility and uncertainty in climate change research, the 

calculation of climate costs is relatively simple in relation 

to the calculation of other types of external costs. It enables 

relatively easy comparison of climate impacts of various 

modes of transport. So, it is possible to follow that impact 

during the time as well as the results of improvements 

applied in each individual transport mode to decrease both 

climate costs and external costs in total. 

3 PREPARING THE DATA AND 

CALCULATION 

The research of climate costs of three freight transport 

modes in the 15 year period was performed using data from 

three most important handbooks of external costs in 

transport sector published 2004, 2008 and 2014 (Schreyer 

et al., 2004; Maibach et al., 2008; Korzhenevych et al., 

2014). The data from three periods have been compared to 

show the behavior and trends of costs and results of the 

efforts to decrease them.  

The values expressed in €/1000 tkm, €ct/tkm, €ct/trainkm, 

€ct/vehiclekm and €ct/shipkm have been converted into 

€ct/tkm using loading factor (LF) 32 t per vehicle, LF 348 

or 500 t per rail and LF 3000 t per ship (bulk carrier) as 

noted in the sources. Loading factor for road transport in 

2004 was not defined. The data from 2004 were available 

in variants of low and high scenario as usually in that time. 
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Only the values of low scenario have been used in the 

calculation (Schreyer et al., 2004). 

The values for diesel train on the non-urban route as well 

as for rigid truck on the motorway have been considered. 

Electric rail transport is not comparable in this research. 

EURO V emission standard for road traffic did not exist 

until 2008. Since 2013, EURO VI standard was established 

but, as not applied on a large scale so, it has not been 

considered (Dieselnet, 2016). There was no value of 

external cost in maritime transport until 2008 in the 

handbooks used. The presented value in 2004 is related to 

inland waterway transport. This has been compared with 

the same value in 2008 as well as with the value of 

maritime transport from another source (Maibach et al., 

2008; Maffii et al., 2007). The appropriate value for 

maritime transport, (bulk carrier, LF 3000) in 2014 has 

been defined by exponential regression (Figure 1) using 

available data from the handbook (Korzhenevych et al., 

2014). Everything was done to get comparable data for all 

the periods. 

 

 

(calculation value-red arrow) 

Figure 1: Regression analysis of climate costs of bulk 

carriers in 2014 considering capacity changes 

The values of cost of CO2 have been taken from the same 

sources of data and used for further calculation. The 

external costs expressed in €ct/tkm have been divided with 

the costs of CO2 in €/t used by each individual handbook 

to bring the data to the final common denominator and 

become comparable. The obtained results have been 

multiplied by 1000 to get whole numbers. The input data 

taken from handbooks before they have been processed are 

shown in Table 1. 

Table 1: Climate cost data and units taken from the handbooks 

Transport mode 

 

INFRAS/IWW 

2004 

(20 €/tCO2) 

CE Delft 

2008 

(25 €/tCO2) 

RICARDO AEA 

2014 

(90 €/tCO2) 

 

Maritime 

LF 3000 t 

 

0.6 €/1000tkm* 

 

 

2.05 €ct/shipkm*, 

0.29 €ct/tkm** 

 

2.7€/1000tkm, 

LF 1440 t 

Rail 0.5 €/1000tkm 28.9 €ct/trainkm, LF 348 t 0.26 €ct/tkm, LF 500 t 

Road, LF 32 t 

EURO II 

EURO V  

 

1.8 €/1000tkm*** 

/ 

 

2.0 €ct/vehiclekm 

1.9 €ct/vehiclekm 

 

7.9 €ct/vehiclekm 

6.7 €ct/vehiclekm 

                 *inland waterways data 

 **75€/tCO2 (Maffi et al., 2007) 

  ***LF unknown

The value of 2.7€/1000tkm was converted to 2.2€/1000tkm 

as a result of equation from Graph 1 for LF 3000. Each 

individual handbook presents the data 

in different measurement units. All values have been 

converted to the unique unit, €ct/tkm. Their overview is 

shown in Table2.

Table 2: Climate costs of freight transport by modes in three observed periods in €ct/tkm 

Transport mode INFRAS/IWW 

2004 

(20€/tCO2) 

CE Delft 

2008 

(25€/tCO2) 

RICARDO AEA 2014 

(90€/tCO2) 

Maritime 0.06* 0.07*, 0.29** 0.22 

Rail 0.05 0.08 0.26 

Road 

EURO II 

EURO V 

 

0.18 

/ 

 

0.0625 

0.0593 

 

0.2468 

0.2093 

                                   *inland waterways data 

                                           **75€/tCO2, (Maffi et al., 2007) 

y = 2.6492e-7E-05x

R² = 0.9266
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In this form, the values have not yet been comparable as 

they had been calculated with different carbon cost 

inputs. The data have finally been divided with the 

carbon prices used in sources to get the units by the cost 

of 1 €/tCO2 (0.1€ct/kgCO2) (Table 3).

Table 3: Climate costs of freight transport by modes during three periods in €ct/1000 tkm (1€/tCO2) 

 

 

 

 

 

 

 

 

 

 

                                       

The numeric results, as well as Figure 2 show decreasing 

of climate costs in all three transport modes in observed 

period. 

 
Figure 2: Changes of the results during the observed period 

4 DISCUSSION 

Current European Union transport policy supports shifting 

the freight off the road to decrease the damage of transport 

on the environment and human health (White Paper, 2011). 

By promoting the intermodal, maritime-rail transport, it 

advocates for decreasing the external costs as much as 

possible. Such policy resulted in increased awareness of 

the ecologically negative impact of transport. According to 

research, some approaches were radically changed in last 

twenty years. In the beginning, the impact of maritime 

traffic on climate change was presumed as negligible, but 

today it is marked as the main factor coming from the 

traffic, responsible for 3.5-4% of all climate change 

emission (Vidal, 2009). The premise based on the electric 

railway in resolving that negative impact failed by 

increasing the trains' speed (and emissions consequently) 

and especially, calculating the external costs of 

infrastructure and upstream and downstream processes. It 

is estimated that about 30% of the external costs of these 

processes are climate cost (Maibach et al, 2008). It shows 

that only change of traffic mode is not enough. 

Technological development of both the engine and fuel 

improved the results of all three transport modes. The 

comparison of those improvements is not easy, and 

inappropriate presentation of results is an important reason 

for it. The presentation of results, e.g., in total amounts of 

external costs in € is useless for the comparison equally as 

the absence of necessary parameters. There is also a 

problem of current carbon cost, necessary for climate costs 

calculation that changes during the time resulting in 

calculations with various values. Finally, there are 

prejudices that the expected results cannot be different as 

they used to be. It was necessary to find all data in this 

research, including various carbon cost values, and bring 

them to a common denominator to become comparable. 

This complex procedure shows the level of a confusion of 

presented data in handbooks. The results show similar or 

equal values in all three transport modes but the best 

improvement in road traffic in the observed period as well. 

It is important to point out that results obtained in the 

research are sensitive, so little difference between them 

multiplied by the real carbon cost can make that difference 

to become significant. This wide span excludes the 

possibility of a wrong conclusion. Even the uncertain 

loading factor in 2004 cannot significantly change the 

presented result because the span of data dependent on load 

is not so wide in road transport. Moreover, given that the 

EURO VI standard has not been taken into calculation, real 

results would be even better for road transport. It is evident 

that European Union transport policy encouraged mainly 

road sector to make and apply improvements to be held on 

the market of transport services. The absence of accidents 

and congestion as well as the large capacity of rail and 

maritime transport modes make them sure the first choice, 

particularly in intermodal transport variant. They are less 

motivated in the implementation of modern and expensive 

technological achievements. The research shows how the 

results of a pure academic calculation can be different and 

unexpected in regard to analysis in a practical transport 

sector where other elements influence on them (accidents, 

congestion, capacity). Although the change of direction of 

freight movement among transport modes is not expected, 

the improvements applied in freight road transport 

represent the positive sign, knowing that some demands of 

transport service can be realized only by road transport 

(e.g. door-to-door service).   

Transport mode 

 

INFRAS/IWW 

2004 

CE Delft 

2008 

RICARDO AEA 

2014 

Maritime (3)* (2.8)*, 3.9 2.4 

Rail (diesel) 2.5 3.2 2.8 

Road  

EURO II 

EURO V 

 

9 

/ 

 

2.5 

2.4 

 

2.7 

2.3 

*inland waterways data 
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5 CONCLUSION 

Contrary to the well-known findings of the dominant share 

of road transport in the total external costs, comparison of 

the data of climate (external) costs of freight road, rail and 

maritime transport in 15 year period, bringing them down 

to a common denominator, currently show same or similar 

values for all transport modes. The decreasing trend of 

climate costs was most evident in the road transport while 

stagnated in other transport modes. 
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