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Abstract  
 
This paper uses stochastic frontier production function to measure the logistics efficiency of 
agricultural products and then analyze the factors that affect the efficiency based on panel data of 

30 provinces, cities, and areas from 2000～2011 in China. The results show that the China’s 

logistics efficiency of agricultural products is not high and varies from region to region. 
Information service investment is found to have an active influence on the logistics efficiency 
and the regional difference in logistics efficiency is derived from the difference in the marginal 
return rates caused by the uneven development in these regions. 

 
Keywords: SFA method. Agro-product logistics. Technical efficiency. Information service 
investment.  Influence. 

 

1. Introduction 

 

China is a major country engaged in production, logistics and consumption of agricultural 

products. Statistics have shown that the gross social logistics values reached 0.35 trillion dollar 

($) in 2011, with an average annual growth rate of 8.9% from 2000～2011. Agricultural products 

logistics has played an increasingly important role in the national logistics system by addressing 

the “hardly sell, hardly buy” problem in circulation, improving the balance of supply and 

demand, increasing farmers’ income and building harmony in the countryside. However, the 

current logistics loss rate of agricultural products still remains at a high level, covering 
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approximately 35%, and even in the relatively developed eastern area, the loss rate has reached 

20% to 30% (Yang and Ge, 2011). Logistics cost of some agricultural products covers as much 

as 80% of their sale prices. This relatively low logistic efficiency has already become the 

bottleneck of China’s agricultural industrialization and rural economic development.   

Improving technical efficiency of China’s farm produce logistics is an enormous 

comprehensive project. The strategic layout of regional development, direction of industrial 

structural adjustment and the configuration of staff, materials, capital and information in the core 

course of logistics all have specified and constrained the logistics efficiency of agricultural 

products. In recent years, many scholars have performed a series of multi-level and multi-

dimensional studies about the agricultural products logistics, and have gained some positive 

achievements, but the literature of empirical analysis in the perspective of information is 

comparatively rare. Wiener (1948) believes that information is neither material nor energy, but 

the contents of interaction and exchange with the outside world when the control system 

conducts mediation activities, and thus information is a measurement of systematic organization. 

From this, it can be seen that in the modern logistics system, information has become the 

metronome of logistics activities, affecting not only the operating efficiency, but also the healthy 

and efficient operation of logistics activities. The mechanism of information in logistics activities 

lies in the existence of information rents (Li et al.,2009), whose realization requires a good 

information environment or platform, including the innovation, application and management of 

information technology, as well as a sound comprehensive service system and a platform of 

logistics information. The information environment or platform is the foundation of information 

service, which is the starting point and the end of information management activities, and also 

the process of providing specific information products to consumers to realize the information 

value. A clear and efficient expression mechanism of information supply and demand is the first 

requirement to accomplish the basic function of information services (He and Zou, 2006), which 

requires the functional departments concerned to perform reasonable institution design for 

efficient policy. Additionally, the innovation and application of information service technology 

and platform provide necessarily technical support to the model selection and system 

improvement (Hu and Qiu, 2001). Performance appraisal is an efficient feedback and 

reinforcement of functional effects of information services (Li and Zhao, 2011). 

The logistics information services of agricultural products are a series of activities and 

processes of providing information service products to particular consumers, maintaining both 

the natural features of agricultural products and the common characteristics of general goods.  
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Agricultural products logistics is the target of information services, and information 

services are the receiving contents of agricultural products logistics. The accomplishment of an 

efficient information service for the logistics demands a sound combination of the two. On one 

hand, the related functional departments are required to carry out a robust institutional reform 

and positive institution design from a macroscopic view to provide a healthy and stable operation 

environment for agricultural products logistics and information services (Cui , 2012). On the 

other hand, it is necessary to absorb the benefits in the existing operation experience in China’s 

agro-product logistics and information services, strengthen the renewal of models, raise the 

consciousness of logistics information, cultivate qualified logistics information talents and 

improve logistics information technology (He, 2011; Wang and An, 2011). Only in this way can 

information services be expected to play a key role in agro-product logistics and greatly improve 

the logistics efficiency and agricultural products quality. 

Generally, the scholars in China have paid an increasing attention to the research on the 

logistics efficiency of agricultural products, and research perspectives have gradually switched 

from macro theory to micro practice. In terms of research content, they focus on problems in 

regard to logistics efficiency, the practical significance of improving logistics efficiency,  

methods and measures, covering the macro research topics as well as the meso-level and even 

micro mathematical research topics concerning the logistics efficiency of specific industry and 

particular agricultural products. For research method, they used the normalized research methods 

such as the definition of scope of logistics efficiency, the major problems and influencing factors 

in logistics activities, solutions to logistics efficiency, and empirical research focusing on the 

specific application and proper expansion of mathematical research methods. The literature 

dealing with information services and logistics of agricultural products attaches great importance 

to qualitative research focusing on influencing factors, and efficiency appraisal, which are not 

deep enough in exploring particular problems, nor consistent in research content due to lack of 

macro integrity. Therefore, this paper targeted at 30 provinces, cities and autonomous regions in 

China from 2000 to 2011, and investigated the logistics efficiency of agricultural products by 

measuring the logistics efficiency from the regional perspective, analyzing influencing difference 

in the regional information service input and offering relevant policy suggestions. This paper is 

organized as follows: Part 2 introduces the theoretical foundation and research design; Part 3 

lists the sample data, data processing and variable setting; Part 4 is the empirical study and 

analysis; and Part 5 proposes the conclusion and policy suggestions. 
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2. Theoretical Analysis and Research Design 

 

In classical economics, production function indicates the relations between production 

factors and the maximum output in a certain period under given technology conditions. Here the 

production function implies that technology condition does not change with time and outputs are 

only related with the amounts or ratios of production factors. In reality, however, when a 

production function is used to simulate or estimate a certain input-output relation, the unchanged 

technology is very hard to meet, and so is the output that is only affected by the amounts or 

ratios of production factors. Actually in most cases, we can neither specifically determine all the 

input factors of production, nor totally ignore the influence of outside disturbance. Therefore, 

when a model is used to imitate a certain input-output relation in the real economy, the 

introduction of a random error or even an implicit variable is of great practical and economics 

implication for obtaining unbiased estimators and precise interpretation parameters, especially 

inferential estimators based on panel data models.     

Panel data analysis is the combination of the analyses of both time series data and cross 

section data, but it is in no way the simple addition of the two. Compared with pure time series 

data and cross section data analysis, panel data analysis can effectively control the individual 

heterogeneity of data and provide more information, variation, degree of freedom and efficiency, 

while greatly eliminating the multicollinearity that could be easily produced by pure time series 

data analysis. The major contribution of panel data model is the processing of implicit variables 

and the inferential estimation of cause and effect (Wang, 2008). In panel data model, the 

problems, such as individual effect that represents individual permanent features and remains 

unchanged along with time, and heterogeneity forces that represent individual temporary 

influence and changes along with time, can be effectively tackled under certain conditions, so 

that consistent estimators can be obtained in model deduction.   

In practice, the panel data model is divided into mixed regression model, random effect 

model and fixed effect model. In the mixed regression model, the influence of explaining 

variables on explained variables is assumed to be independent of individual, which is hard to 

justify in reality. thus this model is not widely used. The random effect model and fixed effect 

model can usually be expressed as follows:   

 

'

it i it it
Y x uγ β= + +                 （1） 
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where uit is independent and identical distribution for i and t. Yit is a dependent vector 

with the i-th firm at the t-th observation, and xit′ is an explanatory vector with the i-th firm at the 

t-th observation. β is a vector of unknown parameters to be estimated. γi , the hidden variable, 

denotes the unknown disturbance or the omission of exogenous factors. The choice of the two 

models can be determined by the relation between γi and xit′, namely equation(1) appears as the 

fixed effect regression model when γi is closely related with xit′, and as the random effect 

regression model when γi is closely independent from xit′. As for the estimation of the panel 

model, the critical assumption of orthogonal least square algorithm is independent and identical 

distribution for the error term among groups as well as within each group, and the generalized 

least square method should be used in the estimation of model when one of the assumptions 

could not be met. 

In panel data model analysis, one major representative expansion method is stochastic 

frontier analysis (SFA), which is primarily applied in analyzing the inefficiency problems in 

production function or cost function. SFA is introduced by Aige,Lovell and P. Schmidt (1997) , 

and Meeusen and Broeck (1977), and then was improved by Battese and Coelli (1988). SFA 

deals with statistics voices’ influence on efficiency measurement brought by measure errors and 

function set deviation, and introduces for the first time the nonrandom variables to consider 

directly the difference from the influence of exogenous environmental variables on individual 

technology efficiency, which is an important improvement to the efficient estimation by the 

inefficiency model.     

In SFA operation, two methods are usually reported in the mainstream literature: two-

phase method and one-step method. When using the two-phase method to measure technology 

efficiency, Peter and Lee (1981), had an unavoidable dilemma on how to employ exogenous 

environmental variables, because the introduction of the sample observations of exogenous 

environmental variables into the first phase would lead to a certain function relation between 

technology efficiency and exogenous environmental variables, and thus the regression on the 

second phase would make no sense. However, if the sample observations of exogenous 

environmental variables are not considered in the first phase, the estimation of the technology 

efficiency in the first phase is apparently biased, and under this condition, even if the second 

phase regression is conducted, the result is still biased. In view of this, Kumbhakar, Ghosh and 

Mcguckin(1991)effectively avoided the dilemma in the two-phase method by changing the 

distribution of the random parts in the random frontier production model, allowing the direct 
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influence of exogenous environmental variables on the random parts and the joint estimation of 

exogenous environmental variables and random frontier production function, which is also 

known as the one-step method. The random frontier production function is expressed as follows: 

 

'

0ln
it it it it

q x v uβ β= + + −            （2）  

 

where qit denotes the production at the t-th observation (t = 1,2,..., T) for the i-th firm (i = 

1,2,..., N); xit′ is a vector of production inputs with the i-th firm at the t-th observation; β is a 

vector of unknown parameters to be estimated; vit-uit is the composite error of the stochastic 

frontier production function, in which vit and itu are independent from each other, and the random 

error vit can be either positive or negative, expressing the force majeure random disturbance 

factors, which are assumed to be i.i.d N(0，σ v
2); the uit s are non-negative random variables, 

which are associated with the exterior individual influence, and are assumed to follow the 

distribution of mean zit, and variance σ v
2; the zit s are equal to the sum of δ0  ,δi and wit, in which δi 

is a vector of unknown coefficients and wit s represent exogenous environmental variables. 

From Equation (2), it is known that exp (β0+βxit′), the maximum output with a certain 

input, is a certain frontier of the stochastic frontier production function, and the fluctuation of 

real output on a certain frontier of the stochastic frontier production function can be caused by 

the positive or negative sign of the sum of exp (vit), the statistic noise, and exp (-uit), the 

technical inefficiency effects. So the technical efficiency of production for the i-th firm at the t-th 

observation is defined by equation (3):  

 

( )
)exp(

exp '

0

it

itit

it
it

u

vx

q
TE

−=

++
=

ββ             (3）         

 

Obviously, if uit=0, then TEit=1, it represents the complete technical efficiency effects 

with the real output on the certain frontier of the stochastic frontier production function. If uit＞
0,then TEit ＜1, it means the technical inefficiency effects with the real output below the certain 

frontier of the stochastic frontier production function, indicating that the indexes of technical 

inefficiency effects are rationally set because the real output is affected by the statistic noise and 

exogenous environmental factors.  

Based on the relevant processing of the observation data, this paper firstly used translog 

stochastic frontier production function to inferentially estimate the logistics efficiency of 
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agricultural products in different regions. In the process of technology efficiency estimation, 

some macro variables such as regional development level, system environment and industrial 

structure adjustment were introduced as environmental variables. Subsequently, the panel model 

for relevant estimation analysis was built by using the results of the above estimation as 

independent variables, and the information service input in different regions as explanatory 

variables (“fixed-assets stock of regional information service ” and “human capital investment in 

regional information service industry” ). 

 

3. Data and Variables 

3.1. Data sources and processing 
 

 

The basic data used in the paper are mainly obtained from China Statistical Yearbook 

database and China Logistics database，one 12-year-period panel data from 30 Provinces and 

cities excluded Tibet for its unavailability. All the basic data about fixed assets investment and 

GDP are processed correspondingly. For example, price effects of fixed assets investment are 

eliminated by the corresponding price index. Additionally, capital stock is estimated through 

inventory procedures which are normally used by domestic scholars. For base-year capital stock, 

we used the ratio of investment in fixed assets in 2000 and the sum of allowance for depreciation 

and geometric averages of its growth rate. Considering the practical difficulty of asset 

reconfiguration, replacement ratio was defined as the uniform depreciation rate of Fixed Assets 

Investment and set at 9.6% (Zhang et al., 2004). GDP is processed through the corresponding 

prices index. The descriptive statistics of panel data are shown in table 1. 
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Table 1: Descriptive statistics of panel data    
 Variable Observation mean Standard error minimum maximum 

EA  

 

lnY 144 7.7245 0.9287 5.1747 9.3212 
lnK 144 7.1215 0.8412 5.2203 8.8032 
lnL 144 4.6951 0.6702 2.8243 5.7654 
lnDLR 144 2.4227 0.4546 1.3896 3.2403 
lnSE 144 -1.1982 0.3172 -2.0485 -0.5242 
lnISA 144 -0.8870 0.1810 -1.1617 -0.2735 
lnIS 144 2.0783 0.3892 0.7772 2.7947 

CA  

lnY 108 7.1436 0.6381 5.4495 8.3732 
lnK 108 6.8834 0.6617 5.5495 8.0936 
lnL 108 4.8193 0.3181 4.1364 5.3587 
lnDLR 108 1.8593 0.2096 1.4870 2.2615 
lnSE 108 -3.0841 0.5952 -4.0751 -0.9336 
lnISA 108 -1.0355 0.1079 -1.2942 -0.8379 
lnIS 108 1.7936 0.4461 0.5790 2.4853 

WA  

lnY 108 6.3082 0.6930 4.7576 7.4898 
lnK 108 6.4286 0.8428 4.4042 8.3916 
lnL 108 3.9083 0.7016 2.6161 4.8890 
lnDLR 108 1.6631 0.2881 0.8817 2.2344 
lnSE 108 -2.8846 0.6249 -3.5735 -0.6889 
lnISA 108 -0.9853 0.0954 -1.2377 -0.7178 
lnIS 108 1.9971 0.3492 0.8732 2.5183 

Note: EA, CA, and WA represent Eastern areas, Central areas and Western areas of China, respectively. 

 

3.2. Set of variables 
 

3.2.1. Input and output variables 

 

Based on the general principle of the production function set, fixed assets stock (K) and 

human capital stock (L) are selected as input variables. Transport, storage, and post assets stock 

in China Statistical Yearbook are used to represent the investment in fixed assets in the 

agricultural products logistics because of the unavailability of direct data and coverage of over 

80% of the transport-storage industry in the added value of the logistics industry. Human capital 

input consists of quantity and quality of the practitioners, which are represented by the quantity 

of the weighted product of jobholders in transport, postal and telecommunication services and 

the education level of corresponding jobholders (assuming the same distribution in the education 

level between employees in transport, postal and telecommunication services and employers in 

the area). Production function is denoted by the logistics traffic mileage (Y), which is usually 

expressed by the per capita agricultural products of each rural household, multiplied by the 

population among different rural areas and the average distance of freight transport. Considering 

that China has already shifted to a market economy, the consumption demand of agricultural 

products determines their supply and demand, and the consumption of agricultural products in 

rural areas is mainly met locally, the logistics traffic mileage is estimated by multiplying the 
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three indexes: the average consumption of the agricultural products from each urban household, 

the population among different rural areas and the average distance of freight transport. 

 

3.2.2. Exogenous environmental variables 

 

In the new economic era, the external environment of production is dynamic and 

changing continuously. To gain an optimum linear unbiased estimation of regression coefficient 

in the production function model and to offer a reasonable and exact explanation on the impact 

of input variables on the function output， it is necessary to consider in which external 

environment production proceeded and which external factors had significant effects on output. 

In general, the external environment factors include random factors and non-randomized factors, 

the former appear as some force majeure incidents such as drought, flood, snow damage and so 

on, which are thoroughly discussed in the research for geo-disaster and risk, and the latter 

involve some practical environmental factors such as the political, economic, legal and cultural 

environments, which could be macro-level country-specific factors or meso-level industry-

specific factors, or micro-level price fluctuation factors. Based on the research purpose and 

background of the development of agricultural products logistics industry in China, some indices 

should be considered in the SFA model as follows: 

 

Development Level of Region（（（（DLR））））  

 

DLR is a comprehensive index reflecting the scale, speed and quality of economic 

development in a region. GDP per capita or GDP annual growth rate is a common index to 

measure the development level in a region. To a certain extent DLR can not only account for the 

ability of investment in fixed assets in the regional logistics and quantity of human capital input 

but also imply the regional difference in the demand and supply of agricultural products. 

Therefore, GDP per capita will be used to reflect the development level of a region. 

 

System Environment （（（（SE）））） 

 

Douglass C. North (1994) believes that institution is vital to the economic growth and the 

core factor for efficiency. A proper institutional arrangement will contribute to improve resource 

allocation and efficiency of the factor. The ownership reform is the most vital and fundamental 
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system change in China, and the diversity of  property right structures is not only the main 

reason of influencing the economic development of a region and inducing difference of business 

performances, but also the direct operation environment of the agricultural products logistics. 

In this paper, SE will be represented by the proportion of state-owned economy investment in the 

total fixed assets investment in a region to reflect the extent of government intervention in the 

economy or the activity of private ownership economy. 

 

Industrial Structure Adjustment（（（（ISA）））） 

 

ISA mainly appears as the process of coordination and balance of the quantitative 

proportions, the connection between economy, technology and their interaction with industries. 

This process dynamically shows the flow of factors among industries due to difference of 

marginal productivity, which is the result of various factors from system design and industry 

profitability adjustment. ISA will change the flow of resource allocation, which has a certain 

impact on logistics and its operation environment. Here ISA will be represented by the 

proportion of the added value of the tertiary industry and GDP in a region.  

 

3.2.3. Explanatory Variable 

 

Investment in Information Service（IIS） In the modern logistics system, information 

management, like “metronomes” of the logistics activity, has attracted more and more attention 

and is vital for the healthy operation of logistics. Information service is the starting point as well 

as the end of information management and the course of offering information products and 

realizing information value. Information service input is the base of information service 

operation and the coordination process of capital and personnel. It is very complex in index 

quantification of IIS which was expressed here by investment stock of information service in 

fixed assets. To reflex the personnel factor and the difference in various regions, the index IIS 

will be broken down into two secondary indices as follows: investment stock of information 

service in fixed assets and human capital input of information service. The former will be 

approximately represented by the stock of communication and information service in fixed 

assets, and the latter will be described for the quantity of the weighted product of jobholders in 

communication information service and the education level of corresponding jobholders. 
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4. Empirical Research and Analysis 

4.1. Technology Efficiency and Analysis in Agricultural Product Logistics 

 

 

Based  on  the  panel  data  from  2000 to 2011 and  Frontier 4.1,  the maximum likelihood estimation 

was used to estimate and test parameters in the SFA model of China’s eastern, central and 

western regions, respectively. Parameters of statistical model and corresponding t values are 

shown in table 2. Battese and Coelli (1995) have confirmed that the likelihood ratio (LR) test 

statistic followed asymptotically a chi-square distribution under the null hypothesis. Based on the 

normal truncated model, the LR test statistic is larger than the critical value, 07.11)9(2

95.0 =χ , 

whether in the eastern, central or western regions.  

 

            Table 2: Estimation results of the model 

 Country wide Eastern regions Central regions Western regions 

 

 

 

 

 

 

Frontier 

 

Production 

 

Function 

C 
-0.1878 ※ 

-0.2594 ※※※ 

0.9076 ※※※ 

-0.9047 ※※※ 

ln K 
0.4097 ※※※ 

0.3252 ※※※ 

0.5801 ※※※ 

0.4651 ※※※ 

lnL 
-0.1095 ※ 

-0.0330 

○ 

-0.2899 ※※※ 

0.1055 ※ 

(lnK)2 
-0.1972 ※※※ 

-0.2030 ※※※ 

-0.1886 ※※※ 

-0.1462 ※※※ 

(lnL)2 
-0.2044 ※※※ 

-0.2656 ※※※ 

0.1502 ※※※ 

-0.1445 ※※※ 

lnK*ln L 
0.3564 ※※※ 

0.4025 ※※※ 

0.7435 ※※※ 

0.1782 ※※ 

t* ln K 
0.2560 ※※※ 

0.2156 ※※※ 

0.2539 ※※※ 

0.1463 ※※※ 

t* ln L 
-0.2302 ※※※ 

-0.2001 ※※※ 

-0.5149 ※※※ 

-0.0340 ※※※ 

t 
-0.4746 ※※ 

-0.3266 ※ 

-0.8987 ※※※ 

-0.5973 ※※※ 

t2 
-0.0373 ※※※ 

-0.0166 ※※ 

-0.0348 ※※ 

-0.0121 

○ 

Invalid 

Function 

C 
0.3465 

○ 

0.5125 ※※※ 

-0.1074 ※※※ 

-0.4529 

○ 

DLR 
-0.5110 ※※※ 

-0.1355 ※※※ 

0.5936 ※ 

0.7794 ※※※ 

SE 
-0.1834 ※※※ 

-0.1125 ※※※ 

0.3235 ※※ 

0.0153 ※ 

ISA 
0.2554 ※ 

0.3235 ※※※ 

-0.9511 ※ 

0.2452 ※ 

T-test 

Value 

σ 2 
0.2881 ※※※ 

0.2477 ※※※ 

0.4960 ※※※ 

0.0606 ※※※ 

γ 
0.7257 ※ 

0.7411 ※ 

0.9999 ※※※ 

0.9999 ※※※ 

LR 
113.7897 ※※※ 

49.2797 ※※※ 

28.8065 ※※※ 

36.8764 ※※※ 

  

    Note: Figures in the table are t-test values; ※※※, ※※, ※show the significance level at 1%, 5%, and 10%, respectively. 
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The null hypotheses are 99% rejected, which indicates the existence of technical 

inefficient effects in the SFA model. Thus the introduction of null hypothesis is rational and 

necessary for the hypothesis in the SFA model. As the γ value is greater than 0.70, it means 

variable errors are derived from technical inefficient effects. Finally, according to the statistical 

significance of SFA models, T-test values of only a few variables are not statistically significant, 

indicating that the preset of variables in the SFA models is essentially suitable and 

the estimation results are highly confident. 

Table 3 shows that the average technology efficiency in China is 0.4844 and the growth 

trend index η is only 0.0244, obviously lower than the 10.7% of the average annual national 

economic growth rate, indicating that China’s agro-product logistics was still at a low level 

during the observation period of 2000～2011. During the same period, the price of agro-product 

increased at a rate of 8.5% , but agricultural production at a rate of 3%, which can be mainly 

attributed to the low efficiency in the logistics and partly to the change in the consumption 

structure of people in rural urbanization. Geographically, the average technology efficiencies of 

agricultural products are 0.7068, 0.6196 and 0.5584, respectively, in the sequence of the eastern, 

central and western regions, which reflects China’s overall situation of social economic 

development, namely high in the east region and low in the central and western regions in fixed 

assets and human capital inputs, and this result is also consistent with the economic situation, 

higher investment efficiency in fixed assets and human capital and better infrastructure in the 

developed areas of China. In contrast, deficiency of factors input or inefficient use of these 

sources is one of the key reasons for restricting the economic development in backward regions.  

Based on the coefficients of capital and their interaction variables, the scale effect of 

investment in fixed assets presents an increment trend in China’s agro-product logistics, 

suggesting that investment in fixed assets is comparatively scarce for the efficiency of the 

logistics. This phenomenon can also be found in the central and western areas, reflecting the 

scarcity of capital and low investment efficiency in the two regions. Combining the coefficients 

of human input with their interaction variables, it can be found that the human input is mainly 

replaced with the investment in fixed assets in the eastern region, completely opposite to the 

western region where human capital advantage is fully employed to make up for insufficiency of 

investment in fixed assets. 

From Time coefficients, they are all significant among all the regions in China, indicating 

that the technology efficiency is constantly improved to a certain degree over the 12-year period 

in the SFA models. Specifically, the technical progress in the logistics is the most significant in 
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the eastern region, followed by the central region, the western region, and China as a whole. The 

interaction variables of t and lnK or t and lnL are all highly significant, indicating that the effect 

of variables lnK and lnL on the logistics efficiency is highly correlated with the variable t . 

Furthermore, the quadratic t variable coefficients, except for that in the west region, are all 

significant at the 5% significance level, indicating that the growth rates in technological change 

show a decrease trend among all the regions apart from west region due to the imbalance of 

factors input, with the central region being best in balance, but a little low in input quantity. 

Therefore, the value for the average technology efficiency is greater in the east region than that 

in the central region. Meanwhile, the coefficient of Time interaction variables is negative in the 

human input and positive in the fixed assets investment, which means that the capital is 

comparatively scarce against the abundance of human input in the central and western regions. 

 

Table 3: Estimation results of technology efficiency of agro-product logistics in China 
 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 

ER 

BJ  0.8123 0.6066 0.9835 0.9786 0.9808 0.3425 0.2670 0.3359 0.3333 0.3044 0.2325 0.1910 

TJ 0.9559  0.8672  0.9587  0.9811  0.9828  0.9824  0.9747  0.9819  0.9879  0.9486  0.8831  0.9114  

HB 0.9576  0.9202  0.7551  0.7915  0.9170  0.8674  0.7199  0.6120  0.6099  0.5703  0.5763  0.5508  

LN 0.9733  0.9506  0.8332  0.6952  0.5751  0.6643  0.6949  0.8137  0.9179  0.5867  0.6585  0.7537  

SH 0.9837  0.9745  0.9759  0.9822  0.9833  0.9712  0.9617  0.9666  0.9768  0.9234  0.9495  0.6864  

JS 0.9787  0.9740  0.9673  0.9676  0.9554  0.9314  0.7691  0.5940  0.5841  0.5631  0.4861  0.5007  

ZJ 0.9731  0.9514  0.9149  0.9215  0.9237  0.8503  0.7786  0.6941  0.6810  0.6150  0.5950  0.6252  

FJ 0.8706  0.8764  0.7152  0.6977  0.6637  0.8176  0.7702  0.7868  0.8661  0.7691  0.8963  0.8233  

SD 0.9711  0.9515  0.7813  0.8042  0.8793  0.7632  0.6434  0.5133  0.6148  0.5409  0.4810  0.3573  

GD 0.9280  0.7821  0.9593  0.9778  0.9839  0.6585  0.5463  0.5202  0.5776  0.5212  0.6358  0.4388  

GX 0.4779  0.3975  0.3923  0.4044  0.4977  0.3422  0.2828  0.2963  0.3353  0.3621  0.5031  0.5304  

HaIN 0.4245  0.4011  0.4782  0.4003  0.4260  0.4650  0.4445  0.3654  0.3924  0.3029  0.3176  0.2796  

CR 

SX 0.2063  0.1991  0.2130  0.2440  0.2110  0.2181  0.2010  0.2069  0.3273  0.2581  0.2551  0.2435  

NMG 0.5956  0.5457  0.5638  0.4920  0.5092  0.4428  0.4711  0.3879  0.7565  0.7010  0.7210  0.5807  

JL 0.7187  0.7867  0.7777  0.9002  0.7983  0.5299  0.4556  0.3746  0.8363  0.6663  0.5704  0.5944  

HLJ 0.7375  0.6721  0.6956  0.8038  0.8738  0.8008  0.6749  0.6102  0.9991  0.6549  0.6108  0.5855  

AH 0.9696  0.9628  0.8363  0.8046  0.7867  0.6892  0.7492  0.7114  0.9306  0.9962  0.9624  0.9945  

JX 0.6448  0.6299  0.6105  0.6271  0.6153  0.6103  0.6101  0.5573  0.6115  0.6165  0.6191  0.5965  

HeN 0.4510  0.4063  0.3118  0.4518  0.3799  0.4232  0.4486  0.4682  0.7794  0.9984  0.7785  0.5524  

HB 0.3669  0.4613  0.4996  0.5906  0.5893  0.8200  0.6834  0.4404  0.4177  0.3441  0.7223  0.6597  

HN 0.7084  0.7819  0.9173  0.9512  0.9992  0.9726  0.9601  0.8544  0.8669  0.7171  0.6684  0.4580  

WR 

CQ 0.4590  0.4070  0.3998  0.3546  0.3931  0.4111  0.4809  0.4985  0.5184  0.5426  0.5291  0.4508  

SC 0.7724  0.7946  0.7282  0.6435  0.6650  0.6204  0.4709  0.4422  0.4428  0.4511  0.5283  0.4744  

GZ 0.9996  0.9238  0.7682  0.7900  0.8541  0.9437  0.7916  0.6578  0.5626  0.5559  0.6249  0.5145  

YN 0.3524  0.3761  0.3825  0.4170  0.4415  0.5358  0.4532  0.4882  0.6913  0.5718  0.6460  0.5235  

SX 0.7804  0.8215  0.8386  0.7650  0.7095  0.6900  0.5938  0.4868  0.4285  0.3772  0.3396  0.2941  

GS 0.5094  0.5538  0.5242  0.5344  0.5727  0.6402  0.6698  0.6000  0.9313  0.7214  0.6738  0.5570  

QH 0.5772  0.4719  0.5245  0.4832  0.4029  0.4429  0.3747  0.3412  0.6483  0.5765  0.6031  0.4201  

NX 0.7352  0.6590  0.6497  0.6498  0.6279  0.6444  0.6656  0.6167  0.5576  0.4601  0.5140  0.3760  

XJ 0.4272  0.3730  0.4701  0.4250  0.4370  0.5111  0.5081  0.4725  0.3802  0.3346  0.3200  0.2802  

Note: ER, CR, WR represent the Eastern, Central and Western regions, respectively. 

 

4.2. Influence analysis of information service input on agro-product logistics efficiency  
 

 

Panel data possess concurrent characteristics of time series data and cross-section data. 

Time-series stationarity is a priority when modeling and analyzing the macroeconomic panel 

data. The unit root test method, first used by B.hargava et al (1982), and then expanded by Levin 
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and Lin (1992), Im, Pesaran and Shin (2003), and Maddala and Wu (1999), respectively, has 

been further improved in the set of alternative hypothesis and availability of the practical 

operation. For the accuracy of unit root test, the four unit root test methods (LLC test, IPS test, 

ADF test and PP test) were adopted jointly（results shown in table 4). The test results show that 

the null hypotheses of panel data are all rejected at the 5% significance level, and the SFA model 

can be estimated accurately based on Equation (1). 

F test is one of the methods used for the choice between the regression model of mixed 

effects and the regression model of fixed effects, whose original hypothesis is that the intercepts 

are the same for all the different cross-section and series. The F values from the hypothesis test 

results of the two models are 9.6327，8.3661 and 4.3440, respectively in the eastern, central and 

western regions, respectively and all are rejected at the 0.1% significance level, showing that the 

regression model of fixed effects is superior to that of the mixed effects. Furthermore, compared 

with the actual model significance between the models of individual fixed effects and random 

effects by Hausman Test, the fixed effects model, whether in the significance of variable 

coefficient or the goodness of fit of models, is also superior to the random effects model. SFA 

models are all estimated by Eviews 6.0 and the results are shown in Table 5. From Table 5, it can 

be seen that the model estimate values are highly significant in each region, and R2 values are all 

greater than 0.8751, indicating that the SFA models are in the goodness of fit and have stronger 

explanatory power for variables. 

 

           Table 4: Unit root test 
 Methods TE K L 

Nation 

Wide 

LLC test -2.613（0.0045） -23.338（0.0000） -7.514（0.0000） 

IPS test -1.145（0.1261） -11.328（0.0000） -2.575（0.0050） 

ADF test 74.530（0.0495） 190.597（0.0000） 85.469（0.0068） 

PP test 69.356（0.1008） 296.284（0.0000） 110.747（0.0000） 

Eastern 

Regions  

LLC test -4.352（0.0000） -19.821（0.0000） -2.330（0.0099） 

IPS test   -9.118（0.0000） -0.858（0.0195） 

ADF test 47.444（0.0030） 78.359（0.0000） 29.014（0.0219） 

PP test 64.585（0.0000） 135.161（0.0000） 40.125（0.0207） 

Central 

Regions 

LLC test -3.328（0.0004） -6.716（0.0000） -4.984（0.0000） 

IPS test -0.732（0.2321） -4.109（0.0000） -1.391（0.0822） 

ADF test 20.056（0.0329） 51.311（0.0000） 28.079（0.0609） 

PP test 19.566（0.0358） 79.404（0.0000） 41.789（0.0012） 

Western 

Regions  

LLC test -3.608（0.0002） -12.612（0.0000） -5.601(0.0000） 

IPS test  -8.003（0.0000） -2.739（0.0031） 

ADF test 30.772（0.0306） 80.548（0.0000） 35.618（0.0079） 

PP test 37.840（0.0041） 126.988（0.0000） 47.580（0.0002） 
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     Table 5: Estimation results of the panel model 
 Variables Coefficiency T test value Probility 

 

Nation 

Wide 

C -0.0856 -1.5503 0.1344 

K 0.0189 7.1058 0.0000 

L -0.0072 -1.9184 0.0558 

R2 0.6129 

 

 

Eastern 

Regions 

C 0.6710 44.5830 0.0000 

K -0.0113 -4.3565 0.0000 

L 0.0706 11.3255 0.0000 

Fixed Effects 
(Cross) 

BJ(-0.4841), TJ(-0.2042), HB(0.0515), LN(0.1002), SH(0.2296), JS(-0.0525）, ZJ(-0.2920), 

FJ(-0.0667), SD(0.0165), GD(0.0138, GX(0.1978), HN(0.1542) 

R2 0.9990 

 

Central 

Regions 

C 0.7062 21.5369 0.0000 

K 0.0310 3.3161 0.0013 

L 0.0519 3.6464 0.0004 

Fixed Effects 
(Cross) 

SX(-0.3952), NMG(-0.0661), JL(0.0344), HLJ(0.1019), AH(0.2485), JX(0.0136), HaiN(-
0.0740), HB(-0.0656), HN(0.2024) 

R2 0.9868 

Western 

Regions 

C 0.9105 21.0475 0.0000 

K 0.0359 3.1209 0.0024 

L 0.0205 8.0843 0.0000 

Fixed Effects 
(Cross) 

CQ(-0.0458), SC(0.2599), GZ(0.1880), YN(0.0441), SX(0.1627), GS(0.0440), QH(-0.3291), 
NX(0.2258), XJ(-0.0979) 

R2 0.8751 

 

The constant terms of estimation equations in each region of China are 0.6710 for the 

eastern region, the lowest of all, and 0.7062 and 0.9105 respectively for the central and the 

western regions. The constant terms reflect the influence degree of information service input on 

the technological efficiency in the agro-product logistics among different regions. The value is 

just the opposite to the influence from the information service input, namely the biggest 

influence in the east region, followed by the central region, and  the western region, respectively, 

which means the eastern region has better infrastructure facilities for development, especially the 

non-information service factors input in the logistics can be fully utilized, the efficiency of the 

agro-product logistics has reached a considerable level, and the efficiency improvement is more 

based on the improvement of information service, although the upgrade effect is still at a 

relatively low level, as the estimate coefficients of K and L for the information service inputs are 

-0.0133 and 0.0706, respectively. However, in the central and western regions, the efficiency of 

agro-product logistics is at an even lower level due to the effect of the limited information 

service input on the infrastructure facilities of the logistics, and the non-information service input 

has a strong influence on the technological efficiency in the logistics, and thus the estimation 

coefficients of the constant terms in the two regions are 0.7062 and 0.9105, respectively. The 

results can be verified reversely from the estimation coefficients of IS: an increase in the fixed 

assets investment by one unit leads to an increase in technological efficiency in the agro-product 

logistics of the central and western regions by 0.0310 and 0.0359, respectively. An increase in 
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human capital input by one unit leads to an increase in technological efficiency of the agro-

product logistics in the same regions by 0.0519 and 0.0205, respectively. 

In contrast, the capital and labor of agro-product logistics in the eastern region are more 

abundant in number and more reasonable in proportion, and the information service investment, 

the operation basis and operation environment have a quick and positive impact on the 

technological efficiency. In the central and western regions, the human capital input for the agro-

product logistics is relatively abundant, but the fixed assets for the logistics are relatively scarce, 

as the investment in fixed assets is higher than the human capital input in the rate of marginal 

return based on the economics principle. For the agro-product logistics in the central and western 

regions, more fixed assets investment in the west region and more human capital input in the 

central region were required to improve quickly the logistics efficiency over the 12-year period. 

Comparing the central region with the western region, no significant difference was found in the 

promotion effects of fixed assets investment on the logistics efficiency, but the promotion effect 

of human capital input on the efficiency in the western region is significantly higher than that in 

the central region. 

 

5. Conclusions and Policy Proposals 

 

The technological efficiencies in the agro-product logistics both in China as a whole and 

each  of   the   three  regions   are   estimated   over   a  12-year   period   based   on  t he    method for joint estimation 

of SFA model and exogenous environment factors, and the impacts of the information service 

input on the efficiency are also investigated. From the results the following two conclusions are 

drawn. 

First, the efficiency of China’s agro-product logistics is at a low level during the 

observation period of 2000～2011 and varies significantly from region to region, which is 

explicated by the finding that the efficiency of the eastern region is the highest while that of the 

western region the lowest. As far as input effect of factors is concerned, contrary to the eastern 

region, the investment in fixed assets is relatively scarce in the central and western regions. 

Therefore, input-substitution effect of factors in the eastern region is found to be the replacement 

of human capital input with investment in fixed assets, while that in the central and western 

regions is the replacement of investment in fixed assets with their rich human capital to reduce 

the deficiency in fixed assets investment. 

Secondly, information service input has a remarkably positive influence on the technical 

efficiency of agro-product logistics, with the largest effect in the eastern region and the lowest in 
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the western region. Specifically, both the capital and labor for the logistics in the eastern region 

are more abundant in number and more reasonable in proportion. The information service input, 

the operation basis and the operation environment for the logistics have a quick and positive 

impact on the technological efficiency of the logistics. However, in the central and western 

regions, the human capital for the logistics is relatively abundant and the fixed assets investment 

is relatively scarce, indicating that the rate of marginal return in the fixed asset investment is 

higher than that of human capital input, and more investment in fixed assets can quickly improve 

the logistics efficiency over this period.  

The improvement of technical efficiency in agro-product logistics in China is an 

enormous comprehensive project, which is associated macroscopically with the strategic layout 

of regional development, mesoscopically with the direction of industrial structural adjustment, 

and microscopically with the configuration of staff, materials, capital and information in the core 

process of logistics. It is also an issue with the safe production and effective supply of  

agricultural products. Accordingly, for the continuous improvement and increase of the technical 

efficiency in China’s agricultural products logistics, in strategy, the development of coastal areas 

should be stabilized and consolidated; the basis of the national strategies for “ the west 

development”, “the rise of the central region”, and “prospering northeast economy” should be 

strengthened; and the strategy for “the economic feedback from the coastal areas to internal 

areas” should be actively guided and promoted, which will contribute to reduce the economic 

gap between the eastern region and the central and western regions, and fundamentally eliminate 

the regional difference in the agricultural products logistics. In industrial development, priority 

should be given to the actual implementation of related policies such as “the Plan for Adjusting 

and Rejuvenating the Logistics Industry” and “Guidelines To Promote Development OF 

Logistics Industry”, and the clarification of the management chains of the logistics industry for 

professional management and the integrity of the authority and responsibility to eradicate the 

bewilderment of logistics enterprises in management and arbitrary charges. Additionally, priority 

should also be given to industrial structure adjustment and promotion in order to reform or 

improve the logistics industry to meet the needs of new situation. In operation, priority should be 

given to the specific implementation of policies, and the full use of the market mechanism and 

the policy guidance to improve investment quantity, induce the investment flow, enhance the 

infrastructure investment in rural areas, especially in the central and western regions, strengthen 

the introduction and training of the logistics talents in rural areas, try to establish a rational and 

high-efficiency information service system and rural agro-product logistics system, and realize 

gradually the rational distribution of resources among these regions. 
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For China’s agro-product logistics, whether in technical efficiency or information service 

investment, more work will be still required for obtaining more useful data and more general 

panel models. 
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