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Abstract 

Road haulage companies are enterprises which create multiple outputs from multiple inputs, thus their 

efficiency can adequately be analysed with data envelopment analysis (DEA), a non-parametric linear 

programming method. However, until now there have been very few applications in this area. The present 

study is the first practical DEA adaptation to the Hungarian road freight sector and based on this, the paper 

shows which input-output structure is the most reasonable to be utilized in this field.  

 

 

 

Introduction 

Data envelopment analysis is an ex-post efficiency analysis method that can help 

determine which decision making units (DMUs) are the most efficient in converting their 

inputs into outputs. Thus it is also capable of evaluating companies active in road freight 

transport which are typically DMUs with multiple inputs and outputs. Its main advantage 

that it does not require any a priori information about the inner relations or operations 

within the DMU, i.e. the production function describing road freight transport does not 

have to be determined. Hence, DEA can evaluate road haulage companies by using readily 

available, objective data about the inputs and outputs without introducing any parametric 

functions. Nonetheless, the inputs and outputs representing the sector have to be selected 

with great care as this influences the authenticity of the results (Markovits-Somogyi, 

2011a).  
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1. Background of data envelopment analysis 

The CCR DEA model can be described as follows (Cooper et al. 2004): let us assume that 

there are n DMUs to be evaluated. Each DMU consumes m different inputs and produces s 

different outputs. Thus, e.g. DMUj consumes xij of input i, and produces yrj of output r. We 

also assume that: xij ≥ 0, yrj ≥ 0, and for each DMU, there is at least one positive input and 

one positive output.  

From these, the ratio of outputs to inputs is used to measure relative efficiency 

DMUj=DMU0, DMU to be evaluated relative to the ratio of all j=1, 2,..., n DMUjs. 

Thus, the function to be maximised is: 
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where: ur, vi are weights; yr0, xi0 are the observed input/output values of DMU0 (DMU to be 

evaluated). We introduce the following constraints so as to give a limit to the values: 
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 for j = 1, 2,..., n,    (2) 

and ur, vi ≥ 0. 

Using the Charnes–Cooper transformation, this leads us to the following equivalent linear 

programming problem:  

s

r

rr yz
1

0max

    
     (3) 

subject to 

s

r

m

i

ijirjr xy
1 1

0

 

m

i

ii x
1

0 1

 

0, ir  

where: (u, v) change to (μ, υ) as a result of the Charnes–Cooper transformation. The 

equivalent dual LP problem of (3) is:  
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This formula is also called the ‘Farrel model’ as it was created by Farrel. However, he did 

not apply the dual theorem of linear programming (by virtue of which z*= θ
•
, and either 

problem can be solved) and hence was not able to make the connection between the 

models introduced above.  

Formulae (4) is also called the ‘strong disposal’ or ‘weak efficiency’ model as it ignores 

non-zero slacks. Should we want to take them also into account, we have to use the 

following modified model that is also called the envelopment model: 

m

i

s

r

ri ss
1 1

)(min

    (5) 

subject to 

n

j

iijij xsx
1

0

  i=1, 2,..., m; 

n

j

rrjrj ysy
1

0

 r=1, 2,..., s; 

0,, rij ss
  rji ,,  

 

where: ε is a non-Archimedean element defined to be smaller than any positive real 

number. The dual linear program of this model, also known as the multiplier model, is: 
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Using these formulae, a DMU0 is efficient if and only if θ*
 
= 1 and si

-*
=sr

+*
= 0 for all i, r, 

and it is weakly efficient if θ*
 
= 1 and si

-*
≠ 0 and/or sr

+*
≠ 0 for some i and r in some 

alternate optima (Cooper et al. 2004.). Formulae (5) and (6) represent the input-oriented 

DEA CCR models (envelopment and multiplier form). The output oriented model is also 

very similar, and makes difference in the values to be maximized/minimized. 

The DEA BCC (Banker et al. 1984) model incorporates an additional constraint: 
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which enables to take into account non-constant returns to scale. Certainly, the years since 

the introduction of DEA CCR have seen the advent of a wide variety in auxiliary methods 

and modifications to the original model, all altering the method from a different aspect so 

as to bring about further improvement.   

2.  Developing the proper input/output structure 

The most essential part of creating a model in DEA is always the question of inputs and 

outputs. Such factors have to be selected which represent the operation of the given type of 

enterprise well and are at the same time available to the researcher. As based on the nature 

of activities performed, theoretically the following basic factors could be included as 

inputs or outputs in an efficiency investigation of the companies in question: 

Inputs 

1. Data regarding equipment: 

o The number of trailer trucks. 

o The number of lorries 

o The number of other vehicles. 

2. The number of employees or the total costs of labour (the latter available as 

accounting data). 

3. Costs of operation (available as accounting data). 

4. Geographical area of operation. 

5. Data regarding sustainability (e.g. relating to the composition of the vehicle fleet). 

Outputs 

6. Transport performance (or total distance performed by the trucks). Ideally this 

would be available in tonne-kilometres or in a similar value but in practice usually 

it can only be obtained as an average of kilometres performed by the individual 

vehicles. 

7. Net income (available as accounting data). 

8. Data regarding quality of operations (timeliness, percent of payload arriving 

safely). 

So as to be able to carry out the efficiency analysis in practice, road haulage firms have 

been contacted with a questionnaire survey. The contact data of 49 road haulage companies 

have been gathered with the help of MKFE (Association of Hungarian Road Hauliers). 

Taking into consideration their field of operation, 40 have been contacted with the 

questionnaire via email. This method yielded 3 results only, so in a second round a phone 
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survey was carried out. This, together with the previous results yielded a database of 14 

road haulage companies all active in international freight transport.  

With view on the theoretical input-output structure outlined above and in order to facilitate 

the process of input-output selection, the questionnaire was aimed to collect information on 

the following: 

 Is the company active in international freight transport? Only those replying affirmative 

were kept in the sample. 

 Does the company have any other profile above road freight transport, which 

contributes to its revenues? The DMUs giving a confirmatory answer were excluded 

from the sample. 

 The number of different vehicles utilized. 

 The geographic area where the company is active. 

 The total kilometres run by the vehicles of the company. 

 Sustainability oriented questions to be utilized in further research. 

 Financial data of the companies were collected from the web based database of the 

Hungarian Government. 

Using the data available, different DEA models have been tested, as shown in Table 1.  

Table 1. The structure of the different DEA models 

 DEA models: No.1. No.2. No.3. No.4. No.5. 

Inputs 

Cumulated number of vehicles
2
 x x x  x 

Cost of labour
3
 

(thousand HUF, 2010) 
x x  x x 

Costs of operation  

(thousand HUF, 2010) 
x x  x x 

Total costs (cost of labour + costs of 

operation) 
  x   

Outputs 

Total distance performed  

(km, 2010) 
x x x   

Net income  

(thousand HUF, 2010) 
x x x x x 

Total distance / cumulated number of 

vehicles 
   x  

(source: own research) 

As based on theoretical considerations, Model No.1 incorporates each of the most 

important factors to be included in a basic DEA investigation. Model No.2. is very similar 

                                                 
2
 A value that takes into account the number of trucks and other vehicles utilized by the firm, the sum of 

trailer trucks and lorries. 

3
 An estimate of the labour force (the number of employees not available in case of all DMUs). 



FIRST SCIENTIFIC WORKSHOP OF DOCTORAL SCHOOLS  

Faculty of Transportation Engineering and Vehicle Engineering, BME 

(Budapest, April 25, 2012) 

 

but here 2 DMUs that could be considered outliers have been excluded from the sample. 

However, effort was taken to reduce the number of inputs and outputs, since there is a 

strict thumb rule in DEA literature which specifies that the number of DMUs should be 

three times greater than the number of the inputs plus outputs; and the number of DMUs 

should be equal or larger than the product of the number of inputs and outputs (Bazargan 

and Vasigh, 2003). Thus in model No.3. costs of labour and costs of operation have been 

integrated as one input. Spearman correlation analysis has shown a correlation of 0.841 

between model No.1. and No.3. which is sufficient by the given number of DMUs. Model 

No.4. tries to reduce the number of inputs and outputs by integrating the input “cumulated 

number of vehicles” and the output “total distance” by creating their ratio and using the 

resulting indicator as an output. Nevertheless, since this is a simple efficiency index in 

itself, it is doubtful whether it is appropriate to include it in the structure. Model No.5. 

merely excludes the output “total distance” and as such, it can be considered a limited 

investigation in itself. 

 

3. Numerical results and discussion 

The results from the different DEA models are shown in Table 2. DEA assigns the value of 

1 to the efficient companies, while the less efficient are rated less. Looking at the numbers 

themselves, it is worth to be noted that the values vary in a very narrow range in all the 

models. First, this indicates that the data represent well the operation of the companies with 

the given profile, and second, this also shows that there is a high competition in the field 

and those who would have lower efficiency values would not be able to survive. Indeed, 

this is true for the road haulage market.  

Table 2. Results from the different DEA models 

DEA 

models 
No.1. No.2. No.3. No.4. No.5. 

1 1.000 1.0000 0.911 0.928 0.981 

2 0.999 1.0000 0.973 0.971 0.998 

3 1.000 1.0000 1.000 1 1 

4 1.000 XXX 1.000 0.957 1 

5 0.955 1.0000 0.910 0.919 0.947 

6 0.964 1.0000 0.906 0.958 0.958 

7 0.851 0.8913 0.842 0.805 0.849 

8 1.000 1.0000 0.875 1 1 

9 1.000 XXX 1.000 0.732 1 

10 0.997 1.0000 0.958 0.949 0.991 

11 1.000 1.0000 1.000 0.953 1 

12 0.816 0.8617 0.779 0.685 0.808 

13 0.897 1.0000 0.836 0.705 0.896 

14 0.849 0.8489 0.815 0.843 0.849 

(source: own research) 
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When deciding the most reasonable input-output structure to be used in further 

investigations, it has to be kept in mind how they have been created. Then it can be seen 

that model No.1. (and No. 2) has the most adequate structure and in spite of the strict 

thumb rule referred to above, this is the one that should be utilized in subsequent research. 

This is the examination with the most detailed data structure and differences between the 

inputs and outputs are not hidden. Even though the correlation between No.1. and No.3. is 

sufficiently high, this cannot be said of model No.3. Further, regarding the rule of thumb, 

several articles in the literature argue that that the number of DMUs should only be 

minimally two times as much as the sum of the number of inputs and outputs (e.g. Chung 

and Hwang, 2005,or Wu and Goh, 2010). Moreover, Dyson et al. say that the number of 

units needs to be double of the product of the number of inputs and outputs (Dyson et al., 

2001). Model 1. fulfils both of these requirements, thus the utilization of model No.1. can 

be recommended and it is to be used in further research. Nevertheless, under certain 

circumstances, the application of model No.3. may also be justified. 

4. Conclusions  

The paper has investigated the possibilities of performing traditional data envelopment 

analysis of road haulage companies. The aim of research at this stage was to determine the 

input-output structure that is the most adequate for the efficiency analysis of road haulage 

firms. As based on research carried out, it can be stated that the following factors shall be 

included as inputs and outputs in the DEA investigation of road freight transport firms: 

Inputs 

1. Cumulated number of vehicles 

2. Cost of labour 

3. Cost of operation 

Outputs 

4. Total distance performed by the trucks 

5. Net income 

 

As based on the results of the investigation, further research is to be carried out with the 

modified DEA/AHP methodology created by Fülöp and Markovits-Somogyi (Fülöp and 

Markovits-Somogyi, 2012), which is capable of fully ranking the decision making units. 

The aim of subsequent research is to apply the DEA/AHP methodology to the input-output 

structure determined in the present study. 
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