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Abstract: This research attempted an empirical analysis of the trucking industry in Korea 
through the estimation of cost functions; in the empirical analysis, the data were established 
based on a new method. Regarding the data, the availability of which has constrained research, 
it should be noted that this analysis was performed using estimated data instead of using 
existing survey data. The analysis results of this study were compared with other cost function 
analysis results with regard to economies of scale and the signs and sequence of elasticity. 
The results showed similarities, while also showing agreement with a considerable portion of 
the previous research. 
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1. INTRODUCTION 

Previous research on the trucking industry using cost functions has indicated either that 
economies of scale do not exist or that they exist at a very weak level in most cases. The 
analysis has been attempted based on diverse aspects, each of which has changed the 
methodology of the research. Production/cost structure analysis for the trucking industry 
using cost functions has been conducted by applying the function using the characteristics of 
cargo that were traditionally considered. In examining the characteristics of cargo, the 
characteristics of the trucking industry for multi-product outputs were considered. In research 
by Spady and Friedlaender (1978), a function was estimated by performing transformations 
with hedonic outputs after combining the qualitative characteristics of multiple outputs with 
an aggregate variable. Chiang and Friedlaender (1984) also conducted an analysis of the 
errors generated if attribute variables did not reflect output. Daughety (1988) carried out an 
analysis of regulatory control using output variables in parallel with insurance premiums.  
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Daughety attempted to measure the effect of the mitigation of the regulatory control in the 
United States using time-series/cross-section data for the period from 1953 to 1982. Allen and 
Liu (1995) judged that the cause of the non-existence of economies of scale according to the 
cost function analysis was the fact that the benefits of large-scale production in terms of cost 
were in contradiction with the input cost of providing high-quality service. 
 
Reviewing the status of research in Korea, Kim (1999) performed research on deregulation in 
the trucking industry, while Yoo (2000) concluded, based on her research, that economies of 
scale did exist in the trucking industry. In addition, Min (2001) analyzed the structure of the 
trucking industry using the variable cost function in his research. Over the last 20 years, not 
many researchers have performed studies of the Korean trucking industry. Most research has 
indicated that analyzing the production structure of the domestic trucking industry using cost 
functions is difficult because of the constraints on the availability of relevant data. 
 
Not only in research on Korea but also in other studies, it is commonly proven that the 
difficulty in using cost functions lies in the difficulty of establishing data rather than the 
difficulty of estimating the cost function itself. To establish their data, the existing studies 
attempted to calculate or estimate input and output data in diverse ways. Especially in Korean 
research, the constraints on output data have limited the achievements in terms of analysis and 
research on the trucking industry during the last decade. In most cases, output data are not 
supposed to be disclosed outside a company because they are confidential. Therefore, the data 
used for this sort of research have been data from limited companies or individual data that 
are almost impossible to use for analysis. 
 
The present research attempted an empirical analysis of the trucking industry in Korea by 
estimating cost functions, and the data used for the empirical analysis were established based 
on a new method. In Section 2 of this paper, the establishment of the data and its 
methodology are explained. Since this research was constrained by the availability of data, 
analysis was performed using estimated data instead of existing survey data. In Section 3, the 
appropriateness of the model was compared to a suitable model; the estimation results were 
considered as a means of reviewing the appropriateness of both data and model. Section 4 
summarizes the results and discusses pertinent structural considerations and prospects for 
future study. 
 

2. Data and Methodology  

The source of the data used for this research was the ‘Report on Transport in Korea’, which 
was presented by the Korea National Statistical Office as containing data for public 
announcement, including cost items. As these statistical data represent a total summary of 
firm-specific costs, the cost data for individual corporations can be calculated if micro-data 
are used. The data in the report on transport in Korea extracted only the cost items related to 
the corporations’ transportation programs and thus are the most appropriate data to be used 
for the estimation of cost functions. These data can be utilized to calculate ratios of labor cost, 
fuel cost, operating cost, and capital as related to transportation. However, as the cost items 
(which do not appear in such cost data) and output items are not directly presented, estimation 
must be done for these items. This study used the translog functional form to estimate the 
total cost function: 
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where C is the carrier’s total cost, y is the output, w is a vector of input price, and t represents 
a vector of the carrier’s operating characteristics. The total cost is the sum total of labor cost, 
fuel cost, operating cost, and capital cost.  
 
Labor cost is the cost of labor indicated in the report on transport in Korea, and it is the sum 
total of salaries, wages, and various allowances paid to employees. Labor cost includes 
salaries and the amounts provided for severance and welfare benefit expenses paid to 
employees. 
Fuel cost represents the material cost input for transportation and was calculated to include 
the cost of diesel, petroleum, LPG, and other materials (oil and parts) used for vehicle 
transportation. 
Operating costs represent those transportation costs beyond fuel costs and labor costs. These 
include rental costs, insurance premiums, public duties, repair and maintenance costs, fees 
and commissions, and miscellaneous costs. 
Capital costs represent tangible assets that appeared on the report on transport in Korea, for 
which depreciation costs were calculated in deriving opportunity cost.  
 
As this research used time-series data for the period from 2000 to 2006, an appropriate index 
was used to establishment cost data, and for this purpose, cost was converted using a price 
index. The output, the price variables, their abbreviation names, and their definitions are listed 
as follows: 
 
y = total ton-km 

lw = price of labor (PL); total labor cost/total number of employees 
mw =price of operation (PM); total operating cost / total shipped ton    
ew =price of fuel (PF); total gas, diesel and oil costs/ total vehicle-kilometers 
kw =price of capital (PK); total capital cost / net operating property 

t=average length of haul (AH); total ton-km / total shipped ton  
 
Total cost was classified as labor cost, operating cost, fuel cost, and capital cost, and the 
factor price data was calculated by setting the units in accordance with the input standard by 
factor. The unit price of labor was calculated by adding the salaries (which were included in 
the transportation cost), severance provision transfer amount, and welfare benefit cost, then 
dividing the total amount by the number of employees. The unit price for fuel was calculated 
by dividing total fuel cost by vehicle-km. The unit price of capital was derived by calculating 
the capital cost by the book value of the tangible assets indicated on the accounting book. To 
derive the unit operating cost, various costs from among the transportation cost total, 
(excluding labor costs, fuel costs, and capital costs such as rental costs, insurance premiums, 
repair, and maintenance costs), taxes and public duties, fees for usage, costs for charge-offs 
for bad debt, and miscellaneous costs were added together; then, the sum total of these costs 
was divided by the total transported. 
 
In most research, the actual recorded transportation was used as output expressed as shipped 
tonnage or Ton-km. The same is true for domestic research on cost functions and for this  
research as well. However, in the case of individual corporations, estimated data were used 



Proceedings of the Eastern Asia Society for Transportation Studies, Vol.7, 2009 

 

 

instead of actual recorded transportation because it is almost impossible to obtain the actual 
Ton-km data. Thus, the results were derived using reasonable estimation methods within the 
actual available data.  
 
In this research, vehicle-km and shipped-ton amounts were calculated as the output data, and 
the data were used to calculate fuel prices and operating costs, as these data can be used both 
for these purposes and to calculate Ton-km data and average transportation distances. 
For the estimation of the data, cost data from the report on transportation in Korea and data on  
operations (indexed) surveyed by government institutions were used. The results of the 
estimation are as follows. 
 
2.1 Estimation of vehicle-km 

Vehicle-km 1

The first method (the fuel cost method) extracts data for the calculation of vehicle-km from 
cost data, as vehicle-km can be calculated using the inverse calculation of fuel cost as it 
appears in the financial data reported by corporations. 

 can be estimated using actual data for fuel costs and estimated data for 
characteristics of vehicle operation, such as the fuel consumption rate, monthly average 
number of days a vehicle is in operation, and operating distance. There are two estimation 
methods, which we describe next. 

The second method (the transportation survey method) calculates vehicle-km using the 
number of vehicles, the operation distance by cargo truck, and the tonnage of each truck as 
the characteristics of the cargo trucks, along with the monthly average number of operation 
days. All of this information was collected via survey and announced in the report on 
transportation in Korea.  
 
<Table 1> The result and method of vehicle-km estimation  

 Estimation method Vehicle-km 

From Fuel cost 
)/(__

)(cos)/(Ration Consumptio Fuel
literwonfuelofprice

WontFuelliterkm ×
=  

Ex) 
)/(2.1228

)(000,522,109,5)/(4
literwon

wonliterkm ×
=   

= 16,640,684 km 
Average : 5,636,005 km 

From 
transportation 

survey 

  dayoperatingcedisoperatingvehicleofNo _tan_.. ××=  

Ex) )/(220)(400)(201 yeardaykmvehicle ××=   
= 17,688,000 km 

Average : 5,685,348 km 

 
The average vehicle-km values calculated based on the above two methods show that similar 
average values are achieved using the fuel cost method (5,636,005 km) and transportation 
survey method (5,685,348 km). Therefore, the vehicle-km calculated based on the fuel cost 
calculation method is used as the estimated value in this research.  
 

2.2 Estimation of shipped-tons 

Shipped-tons2

                                            
1. Vehicle-km : Unit of measurement representing the movement of a vehicle over one kilometer 

 can be estimated using transportation revenue data or based on average 
transportation tonnage or average loaded tonnage from the survey data. There are two 
methods of calculating the estimates. 

2 Shipped-ton : Unit of volume used in transportation by truck 
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The first method (the transport revenue method) calculates vehicle-km using transportation 
revenue data from the report on transportation in Korea and data on fares by tonnage 
surveyed. 
The second method (the transportation survey method) calculates the estimate using the data 
on the operations characteristics surveyed, such as the number of vehicles, average 
transportation tonnage, and the number of operating days. 
 
<Table 2> The result and method of shipped-ton estimation  

 Estimation method Shipped-ton 

From transport 
revenue 

)/(_
)(_

tonwonunitTonnage
wonrevenuetiontransporta

=  

Ex) 
)/(000,30
)(000,838,606

tonwon
won

=   

= 20,228 ton 
Average : 153,518 ton 

From 
transportation 

survey 

 dayoperatingshippedtonshippedavervehicleofNo _%_.__ ×××=  

Ex) )/(220(%)78)(15)(9 yeardaytonvehicle ×××=   
= 23,166 ton 

Average : 166,269 ton 

 
The result of the calculations based on the cost data in the report on transportation in Korea 
and based on the data for the operations characteristics surveyed showed similar values; their 
average values also did not indicate significant differences. Therefore, the results were used in 
this research. 
 

2.3 Estimation of Tons-km 

Tons-km3

 

 can be derived using vehicle-km and shipped-ton data estimated as mentioned 
above, but there is a possibility of over-estimation if two estimated variables are used. 
Therefore, estimates were made using vehicle-km data and the data on the operational 
characteristic, with two methods of estimation as follows. 

The first method (the vehicle-km method) made calculations using vehicle-km, average 
transportation tonnage, and average loading rate data. 
The second method (the transportation survey method) derived the estimates using the 
number of vehicles as well as the data on the characteristics of operation, such as average 
transportation tonnage, number of operational days, and daily average operating distance.  
 
<Table 3> The result and method of Ton-km estimation  

 Estimation method Ton-km 

From  
Vehicle-km 

%___ shippedtonshippedaveragekmVehicle ××−=  

Ex) %6515)(049,015,4 ××−= tonkmvehicle   
= 39,594,743 ton-km 

Aver. : 55,579,943 ton-km 

From 
transportation 

survey 

 dayoperatingdayoperatingtonshippedavervehicleofNo ___... ×××=  

Ex) kmyeardaytonvehicle 250)/(220))(15)(49 ×××=   
= 40,425,000 ton-km 

Aver. : 53,300,139 ton-km 

 

                                            
3 Ton-km: A unit of measurement equal to the weight in tons of material transported in a mine multiplied by the 
number of kilometers driven. 
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As both methods show similar average values, they can be used in the research.4

 

 Because the 
estimated output could not be compared with actual record data, it is difficult to verify the 
output data. In the process of estimating that data, however, it was judged that the estimated 
values are appropriate because of the comparison with the output value calculated through the 
trucking data surveyed by the government institutions. Also, the values show close average 
values. Therefore, in this research, analyses were conducted using the estimated values 
obtained through the cost data.  

3. Result of Estimation 

As explained in the previous section, the estimated model used in this research included an 
output variable (y), a price variable (w), and an attribute variable (t) after adding multiple 
output variables. In order to categorize the characteristics of operation based on the 
characteristics of multiple outputs in the trucking business, a transportation efficiency variable 
was added. The function is in the Translog form, and the estimated model is the SURE model. 
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The results generated based on the estimation of the cost function in the trucking industry 
indicated very high significance in most cases for the estimated values of the coefficients of 
the models. The results of the estimation showed a decrease in cost as the average length of 
haul (AH) increases. This was in the form of a general cost function in which cost increases as 
transportation records and respective input factors increase. 
 
<Table 4> Estimated Coefficient of Translog Cost Function 

Variable value t-ratio Variable value t-ratio 
0α  Intercept 15.590*** 341.071 Alm Capital * Operation -0.006*** -5.769 

kα  Capital price 0.160*** 11.507 Ake Capital* Fuel 0.000 0.166 

lα  Labor price 0.299*** 19.559 Alm Labor* Operation 0.016*** 24.532 

mα  Operation price 0.292*** 50.559 Ale Labor* Fuel -0.025*** -24.915 

eα  Fuel price 0.249*** 42.089 Ame Operation * Fuel 0.012*** 12.682 

yγ  Output 0.980*** 58.658 Eky Capital* Output -0.012*** -11.628 

tβ  Aver’ length of haul(AH) -1.472*** -19.380 Ely Labor* Output -0.016*** -8.588 

Akk Capital* Capital -0.091*** -6.631 Cyy Operation * Output 0.013*** 9.484 

All Labor* Labor 0.209*** 15.086 Eey Fuel * Output 0.015*** 11.834 

Amm Operation* Operation -0.035*** -28.537 Dct Capital*AH 0.010** 2.579 

Aee Fuel* Fuel -0.084*** -35.130 Dlt Labor*AH -0.082*** -12.745 

Cyy Output* Output 0.062*** 12.022 Dmt Operation *AH -0.103*** -21.414 

                                            
4 Correlation analysis was performed among the data from Section 2.1~2.3. The results show that estimated data 
are about 80 percent similar, and as a result, estimated data were used in this paper.  
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Btt AH*AH 0.338*** 5.380 Det Fuel * AH 0.175*** 39.812 

Akl Capital* Labor 0.003*** 4.019 Fty Output* AH 0.062*** 4.314 

F=45517.7489     log|W|= -47.94374    Wald Statistic = 1279.91291  

Notes: ***: P>0.001, **: P>0.05, *: P>0.1 
 

3.1 Significance of the Estimated Coefficient 

The significance of the estimated coefficient can be identified as shown in the results in the 
above table. As we can see from the t value indicated in the estimation results, the estimation 
of whole coefficients demonstrated significance. The estimated coefficients of the linear 
equation item for all factor prices showed significance at a 1% level of output, and also, the 
estimated coefficients of output and attribute variables showed significance at a 1% level. The 
estimated coefficient of the quadratic equation item showed significance for both the output 
variable and the divisibility of the factor price; therefore, it has a non-homothetic production 
structure.  
 
3.2 Verification of Normality Condition 

Linear homogeneity and continuity for factor price are automatically realized, as the 
constraints were already given when the function was set. Therefore, only the verification of 
monotonicity and concavity is required. When we apply the estimated coefficient value for 

the monotonicity of the factor price, the monotonicity becomes
0

ln
ln

>
∂
∂

iP
C

, which satisfies the 

condition of monotone increasing. As the monotonicity for output is 
0

ln
ln

>
∂
∂

Y
C

 although all 
the coefficient values of the estimated function have positive values, when we calculate the 
elasticity of the cost, our results also satisfy the condition of monotone increasing. Under the 
condition that the cost function is concave for factor prices, the sign of the Hessian matrix 
value was negative semi-definite and therefore adequate.  
 
3.3 Suitability of Model 

The suitability of the model was verified through Likelihood Ratio Statistics (LRS) 
verification. The results seemed to verify the suitability of the function, as the P value was 
satisfied at the 0.005% level as a result of LRS verification showing chi-square distribution at 
27 degrees of freedom. The degree of freedom for an estimate equals the number of 
observations minus the number of additional parameters estimated for the calculation. 
 

3.4 Comparison of Analysis Results 

Other research has shown different results than domestic research, which has shown no 
economies of scale. Still, economies of scale do not exist in the trucking industry, as show by 
previous research on this industry. This has been validated in Korea, as well as in other 
research on the cost structure of the trucking industry in the U. S. since the 1970s, which 
showed a cost structure with constant returns. Researchers in the U.S. tried to find the cause 
of the non-existence of economies of scale after mitigating the regulatory control (Allen, 
1995). 
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As to the demand elasticity factor, demand elasticity for capital is the greatest, with fuel and 
operation following in that order, while the demand elasticity for labor was the lowest. In 
previous research, the elasticity of the operating price was the highest, as was shown in the 
research performed by Friedlander (1981), Daughety (1988), and Allen (1995). In these 
studies, operating prices were categorized as vehicle rent-related prices for purchased 
transportation (PP), while vehicle rental costs were categorized as rented transport cost/rented 
miles. As different indexes were used from the index for the calculation of operating prices 
used in domestic research, there may be some differences.  
In previous research, demand elasticity was highest for operations (PP) and then, in order, 
capital (PK), fuel (PF), and labor (PL), as shown in the following table; both this research and 
previous research showed the same results in terms of that order. 
 
<Table 5> Comparison with own-price elasticity 

 
Friedlaender 

& Spady(1981) 
Daughety & 

Nelson(1988) 
Ying 

(1990) 
Allen 
(1995) 

This study 

Analysis years 1972 1982 1984 1985-1989 2000-2006 
Labor -0.309 -0.327 -0.451 -0.197 -0.083 
Fuel -0.399 -0.592 -0.910 -0.354 -1.156 

Operation -0.885 -1.048 -0.838 -0.648 -1.002 
Capital -0.751 -0.751 -0.682 -0.627 -1.627 

 
The comparison between Korea and research on other countries regarding cross-elasticity 
represents the substitution capability and supplementation capability of respective input 
factors.  It is difficult to draw comparisons because of the different industrial environments 
(the differences in cost occupation) and the differences in transportation sizes. However, a 
comparison was conducted in order to identify the substitution or supplementation material 
and develop a relative comparison between the respective substitution factors involved rather 
than a comparison of absolute values. The result of the comparison with the domestic thesis 
showed the same sequence and characteristics.  
 
<Table 6> Comparison with substitution elasticity 

 
Friedlaender 

& Spady(1981) 
Daughety & 

Nelson(1998) 
Ying 

(1990) 
Allen 
(1995) 

This study 

Analysis years 1972 1982 1844 1985-1989 2000-2006 
PL*PF 0.542 0.209 0.909 0.474 0.781 
PL*PP -0.123 0.891 0.935 -0.183 1.135 
PL*PK 0.941 0.598 0.882 0.691 1.048 
PF*PP -0.177 1.781 1.059 0.155 1.276 
PF*PK 0.319 0.616 1.116 0.191 1.032 
PP*PK 3.222 2.049 1.030 2.729 0.723 

 
 
4. CONCLUDING REMARKS AND POLICY IMPLICATIONS 

This research analyzed the industrial structure of the trucking business through cost functions. 
In this research, we present the method of getting over the limit of output data establishment 
which was the biggest cause for very little progress in the research of Korean trucking 
industry up to now. 
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The appropriateness of the methods used to achieve this data, and specifically the output data 
estimation method, was reviewed by comparing the estimation methods. The suitability of the 
model was verified using the suitability test at the time of the estimation of the cost function, 
and this verification process was supplemented by comparing the analysis results with those 
of previous research. 
Based on a comparison of the analysis results, this study case and other cost function analyses 
were shown to produce similar results regarding economies of scale and the signs and 
sequence of elasticity. The results showed similarities and accord with other research to a 
significant degree. Therefore, it is judged that estimation using cost functions is appropriate to 
some extent, even if estimated output is used. To further support this idea, it would be 
appropriate to compare the analysis results and actual records, but it was not feasible to 
attempt to establish realistic data.  Therefore, an analysis based on actual records could not 
be carried out. Furthermore, more accurate estimated data than the data achieved through this 
research could be obtained by using cost data that categorizes the number of vehicles by 
tonnage level. 
 
Up until now, many researchers have used cost functions for analysis, but domestic research 
has not been actively carried out due to constraints in terms of data availability. If we 
anticipate that this situation will not change much in the future, it will be necessary to develop 
new analysis models or present a reasonable data establishment method. In this research, a 
number of data settings and analyses were repeated to establish reasonable data, and the data 
that were acknowledged to be reasonable were selectively used for the research. To further 
estimate cost functions in the future, research focused exclusively on the development of 
methodology for the establishment of data will be necessary. If a data establishment method is 
developed for which verification is feasible, this will constitute a valuable research 
contribution that can be academically acknowledged not only in Korea but also other 
countries, and this researcher would register a strong personal expectation that such valuable 
research be initiated in the future. 
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