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Abstract 
 

The objectives of this paper are to estimate the annual Malmquist TFP(total factor productivity) 
index of Korea and China’s road freight transport with DEA(data envelope analysis) and to 
decompose the index into technical efficiency change and technology change. In the process of the 
estimation, we used labor, capital, and fuel as input factors and ton-km of road freight transport as 
output factor. The panel data of Korea and China’s road freight transport industry from 1985 to 
2004 are used. The results of the analysis show several points. First, there was no significant 
improvement in China’s TFP growth before 1997, but there was continuous growth in TFP since 
1997 because of constantly increasing domestic freight transport demand. Second, there was 
downward trend in Korea’s TFP, especially there was a large reduction of productivity in 1998 
because of the huge reduction of road freight transport demand during the period of the economic 
crisis. Third, the technology improvements play a significant role in the TFP growth and the 
technical efficiency had negative effects on the TFP growth of Korea. However, the technology 
improvements as well as the technical efficiency had positive effects on the TFP growth of China’s 
road freight transport industry. 
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1. Introduction 
For the last several decades, Korea and china have showed high economic growth, which 

resulted in huge increments of freight transport. It is said that sustainable economic growth depends 
upon whether the economy provides efficiently with the capability of freight and passenger 
transport enough to accommodate increasing freight and passenger transport demand due to 
increasing economic activities. So Korea and China had invested large amount of resources into 
infrastructure such as road, railway, airport, and seaport. And also they had made great efforts to 
promote the productivity of freight transport industry including road freight transport.  

These situations raise the necessity of positive research on the productivity of the freight 
transport industry. Total factor productivity (TFP) as a measure of overall productivity has been 
gaining recognition and acceptance not only for its theoretical correctness but also for its 
practicality among policy makers and economic analysts. Some governments have begun to 
include the TFP growth rate as a target in national development plans. It is also very important 
index to measure the performance of an industry. It is more useful to decompose the TFP growth 
into several factors such as technical efficiency growth and technology improvements. 

In this paper, we get TFP growth rate of Korea and China’s road freight transport industry by 
estimating the Malmquist TFP index with the DEA(data envelope analysis), which is a 
nonparametric approach in frontier approaches. On the basis of these estimations, we get 
decomposition of the TFP growth into technical efficiency growth and technology improvements. 
The annual time series input and output data of Korea and China’s road freight transport industry 
from 1985 to 2004 are used to estimate the TFP index.   
  This paper consists of 5 chapters. In chapter 2, the concept and decomposition process of the 
Malmquist index are described, and the estimation method of the index with DEA and the used 
data are explained in chapter 3. The results of analysis are shown in chapter 4 and chapter 5 is the 
concluding remarks chapter.  
 
 

2. The Malmquist TFP index 
 
2.1 The Malmquist TFP index  
 

The Malmquist index allows the changes in productivity to be broken down into technical 
efficiency change and technology efficiency change. The estimation process of the Malmquist TFP 
index can be explained by Fig. 1. In Fig. 1, T t+1 and T t are production functions at t and t+1 period. 
And the (Xt, Yt) and (Xt+1, Yt+1) are input and output at time period of t and t+1. In order to estimate 
the Malmquist TFP index between two periods, we should get a distance function, D, after measuring 
the frontier line by application of frontier approach. The distance function D is measured by the 
distance between actual production point and frontier line, so the distance function Dt(Xt, Yt) between 
the actual production point (Xt, Yt) at time t and frontier line at time t is defined as ob/oa. It means that 
the closer to 1 is the value of the distance function, the more efficient is the production 
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Fig. 1. The concept of Malmquist TFP index 
 
 

The Malmquist TFP index(M) is estimated by distance function between the actual production 
point at time period t+1, (Xt+1, Yt+1) and the frontier line at time period t, that is, the cross period 
distance function, Dt (Xt+1, Yt+1) as shown at formula (1).     
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At formula (1),    >1 indicates the productivity of period t+1 is higher than that of period t, 

since the reduction of the input vector of period t+1 to reach the frontier of period t is higher than 
that applicable to the inputs of period t. On the other hand,    < 1 indicates that productivity has 
decreased between period t and t+1  
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Alternatively, it is possible to define the Malmquist index on the basis of the technology at period 
t+1 as formula (2) 
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In the above definitions, however, the value of the index changes according to the base-time-

technology of period t or t+1. The method to solve the problem is to use the geometric mean of the 
indices of two base times. That method can minimize the problems caused by the change of base 
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time1. That index is showed in formula (3) 
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2.2 The decomposition of the Malmquist TFP index  
 

Nishimizu and Page(1989) decomposed the Malmquist Index into technical efficiency change 
and technology change as in formula (4). 
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The technology change effect can be expressed by formula (5).   
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And the technical efficiency change can be expressed by formula (6). 
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From the analysis above, we can know that the growth of the TFP is composed of the technical 

efficiency change and the technology change. If the Malmquist productivity index is higher than 1, 
that is                   >1, it means that the total factor productivity increases because of the 
increment of technical efficiency or technology improvement.   

t
t XM

 
 

3. Data and estimation methodology  
 
3.1 Data 
 

The data used in the process of estimating the Malmquist TFP index are composed of input data 
such as capital, labor and fuel, and output data which is the amount of road freight transport 
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1Fare et al. (1994) 
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measured by ton-km. Labor is measured by the number of employees in the road freight transport 
industry. Capital is measured by the fixed assets estimated in 1985 prices. Fuel is measured by the 
used amount of coal-equivalent units. 

The data for China’s road transport industry are gained from Jiang(2003) and China’s transport 
and Telecommunication Year Book. The data for Korea’s road transport industry are from Hun-
Koo Ha et al.(2002) and Korea’s Statistical Yearbook of Construction and Transportation.  
 
3.2 Estimation method of Malmquist TFP index by the window-DEA application  
 

The standard Malmquist DEA method of Fare et als (1994) may produce unstable TFP indices 
because the sparse data will not be able to construct approximately "smoothed-surface" frontiers in 
each period. To overcome this problem, we used extended DEA methods, namely the TYW 
methods.  
 
The Three-year-window (TYW) DEA method 

    The window DEA method was introduced by Charnes, Clark, Cooper and Golany (1985); 
Charnes, Cooper, Dieck-Assad, Golany and Wiggins (1985); and Charnes, Copper, Divine, Lopp 
and Stutz (1992). However, no study has applied the window DEA method to estimate the 
Malmquist index. 
    The window DEA technique is as follows. The panel of T cross-sections of data is divided into a 
series of shorter overlapping sub-panels, each having S (arbitrarily chosen) time periods, in which 
the first sub-panel contains periods {1, 2, …, S}; the second sub-panel contains periods {2, 3, …, 
S+1} and so on, until the last sub-panel which contains periods {T-S+1, T-S+2,…, T}. The 
procedure is to construct a series of frontiers from the sub-panels, and these frontiers are used to 
calculate the distance functions needed to estimate the Malmquist TFP index. The advantage of this 
method is to relieve the degrees of freedom pressure when the number of inputs and output 
variables are large relatively to the number of analyzed objects. 
    In this paper, the width of the window was arbitrarily chosen at four. Thus, the first sub panel 
contains periods {1985, 1986, 1987, 1988}, the second sub-panel contains periods {1986, 1987, 
1988, 1989} and the last sub-panel contains periods {1997, 1998, 1999, 2000}. Thus, in each year 
the frontier is constructed from 16 observations. We used the data of the year of 1988 as the frontier 
of the data from 1985 to 1988; the data of 1989 as the frontier of 1986 – 1989, and so on. Those 
methods were applied until the frontier of the data from 1997 to 2000 become the year of 2000. 
Those methods are a kind of the Linear Programming(LP), which is described with the equations 
(7) to (10). This method is called as TYW(three year window)-DEA method which is a non 
parametric technique of linear programming. With this linear programming method, the Malmquist 
index can be estimated. 
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The above four steps of the LP method are very similar to standard DEA. With standard DEA 
LPs described from formula (10) to (12), we can measure the technical efficiency between the 
period of t and t+1. In formula (11) and (12), the observation of the period t can be compared to the 
technology used in the period t+1. In these LP systems, the value of the formula will be greater 
than or equal to one, if technical retrograde or progress has occurred. The above four LPs are 
required for each firm (or industry in our study) in each pair of adjacent years. Thus, if one has data 
on K firms over T time periods, one should solve            LPs to get the required firm level 
chained indices.2 In order to estimate the scale efficiency in the transport industry, we need to 
estimate the distance variable related to the returns to scale, and add the constraint term,         . 
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When the real point is (X, Y), it is  
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4. The empirical results  
 
4.1 The road freight transport TFP analysis of Korea 
 
The TFP change 

For the road transport TFP changes, there was an obvious downward trend except for the year of 
1991, 1994, 1997, and 2000. To our surprise, there was a significant reduction of the TFP 
Malmquist index in 1998, to 0.472, which can be explained that the volume of output (unit is 
measured tonnage2 kilometer) dropped rapidly from 222.19 to 93.87 units.  
 
The technology change and technical efficiency change 

From Table 1, we can recognize that the technology improvement plays a significant role in 
the TFP growth of road freight transport industry in Korea. Except in the years 1994, 1997, and 
2000, the technical efficiency had a negative effect on the TFP growth. Since the deregulation of 
entry barriers in Korea’s trucking industry, the scale of the trucking companies became smaller 
as the number of trucking companies have highly increased and the competition among those 
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became fiercer. The competition factor can be explained by the change of the pure technical 
efficiency index. The pure technical efficiency has been constantly decreasing except in 1991. 
The other index, that is, the scale economy had slight positive effects on TFP compared to other 
indexes.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 2. Korea’s road transport TFP and the decomposed indices 
 

.2 The road freight transport TFP analysis of China 

he TFP change  

As shown in Table 2, there was no significant improvement in TFP growth of China’s road 
eight transport industry before the year 1997, but after that there was continuous growth until 
002. Because of the hugely increasing domestic demand according to the high speed of economic 
rowth, China's domestic road freight transport TFP hasn't been greatly affected by the currency 
risis of East Asia in 1998. Also, because of promoting economic growth with the government's 
form policy and joining WTO, China’s road freight transport market has been bigger than ever 

before.  
 

he technology improvement and technical efficiency change 

t made a significant effect on TFP growth 
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ficiency. In 1998, two indexes such as technology improvement and technical efficiency had 
positive effects on TFP growth. 

Downloaded from http://ftp.nowpublishers.com/jilt/article-pdf/4/2/1/1469644/jilt_2006_4_2_1.pdf by guest on 20 June 2026



Analyzing the productivity of Korea and China’s road freight transport industry: A nonparametric 
Malmquist approach 

9 

Table 1  
Malmquist index of Korea’s road freight transport and decomposition 

Year TFP 
Scale 

economy 
Pure technical 

efficiency 
Technology 

improvement
Techinical 
Efficiency 

(Sech) (Pech) (TECHch) (TEch) 

1987 0.969 0.911 1.000 1.064 0.911 
1988 0.754 0.954 0.736 1.073 0.702 
1989 0.888 1.163 0.745 1.025 0.866 
1990 0.918 0.709 1.294 1 0.918 
1991 1.075 0.654 1.486 1.107 0.971 
1992 0.839 1.253 0.598 1.121 0.749 
1993 0.992 0.806 1.067 1.153 0.86 
1994 1.172 1.026 1.142 1 1.172 
1995 0.892 1.053 0.847 1 0.892 
1996 0.964 1 0.964 1 0.964 
1997 1.075 1.047 1.083 0.948 1.134 
1998 0.472 0.812 0.583 0.997 0.473 
1999 0.888 1.226 0.724 1 0.888 
2000 1.137 1.12 1.015 1 1.137 
2001 0.971 0.971 1.000 1 0.971 
2002 0.882 0.882 1.000 1 0.882 
2003 0.812 0.932 0.980 0. 9 88 0.913 
2004 0.904 1.004 0.944 0.953 0.948 
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sion and implications 

The objective of this paper is to analyze the evolution of productivity in the road freight transport 
industries of Korea and China by breaking down productivity growth into changes in technolog
and technical efficiency. In order to achieve this purpose, we used the concept of Total Factor 
Productivity and h the DEA non-
arametric frontier approach.  
This study is the provision of valuable information on productivity growth in China road freight 

tra
fficiency 

hange index and the technology improvement index.  
e find that before 1997, there was no significant improvement to TFP growth, but after 1997 

2. Because of huge increment of China's domestic freight 
eed of economic growth, China's domestic road transport 

TFP hasn't been greatly affected by the currency crisis, compared to Korean case.  

efficient behavior in road freight transport industry. This would suggest 
th
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Fig. 3. China’s road transport TFP and the decomposed indices 
 
 

The index of scale economy was constantly decreasing after the year 1989, which means that the
reform policy of China contributed to increments of the number of trucking companies.  
 
 

5. Conclu
 

y 

the Malmquist productivity index, which can be estimated wit
p

nsport. We applied the new extended Malmquist DEA TFP methods to the panel data on freight 
transport industries in Korea and China. We estimated the TFP growth, the technical e
c
W
there was a continuous growth until 200
transport demand according to the high sp

Similar to the Korean case, the technology improvements made a significant effect on the TFP 
growth of China’s freight transport industry. The level of its effect on China’s TFP growth was 
higher than that of Korea since the middle of the 1990s mainly because of highway investment. 
This means that most of increasing productivity in both Korea and China is due to improvements in 
technology and not due to more 

at further steps need to be taken to substantially improve efficiency in the road transport industry.  

Downloaded from http://ftp.nowpublishers.com/jilt/article-pdf/4/2/1/1469644/jilt_2006_4_2_1.pdf by guest on 20 June 2026



Analyzing the productivity of Korea and China’s road freight transport industry: A nonparametric 
Malmquist approach 

11 

Table 2   
Malmquist index of China’s Road freight transport  

Technology Tec
Year TFP improvement 

(TECHch) 
Efficiency 

(TEch) 
efficiency 

(Pech) 

Scale economy 
(Sech) 

hinical Pure technical 

1986 0.668 0.899 0.743 0.631 1.059 
1987 0.876 0.991 0.884 0.783 1.119 
1988 0.923 0.958 0.963 0.848 1.088 
1989 0.816 0.978 0.834 0.989 1.016 
1990 0.773 0.972 0.795 0.832 0.957 
1991 0.801 0.818 0.979 0.994 0.985 
1992 0.797 0.895 0.891 0.957 0.931 
1993 0.974 0.964 1.010 0.994 1.016 
1994 0.904 1.002 0.902 1.060 0.851 
1995 0.785 0.951 0.825 1.034 0.798 
1996 0.930 0.758 1.214 0.766 1.011 
1997 0.954 1.023 0.933 0.968 0.963 
1998 1.457 1.102 1.322 1.260 1.050 
1999 1.129 1.269 0.890 0.977 0.910 
2000 1.151 1.274 0.903 1.009 0.895 
2001 1.137 1.303 0.873 0.987 0.884 
2002 1.149 1.228 0.936 0.945 0.990 
2003 0.820 1.103 0.743 0.919 1.028 
2004 1.098 1.223 0.898 0.990 0.907 
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