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Abstract 

 

The present study applies a bootstrapped DEA procedure to compute bias corrected measures 

of technical and scale efficiency of Chinese litchi farmers. DEA approach is appropriate to 

estimate the efficiency but the result is ambiguous due to lack of information about estimates’ 

uncertainty. The present study overcomes this drawback by applying bootstrapping procedure 

to DEA. The data is collected from 160 farm household spread across the six southern 

provinces of China during 2014. The result revealed that the mean technical efficiency is 

0.804 in study area which suggest that farm households are potential for producing 80% of 

litchi. The scale efficiency score imply that a majority of litchi farmers are operating with 

decreasing returns to scale. We also examine farmer’s characteristics with respect to input use 

under various returns to scale. The bootstrap procedure corrected bias in technical efficiency 

scores from a mean of 0.804 to 0.66. So it is important to use bootstrap technique to reduce 

the ambiguity of result. 

 

Keyword: Bootstrapping DEA. Technical and scale efficiency. Litchi production. 

 

1. Introduction  

 

Litchi is originated in southern subtropical and northern tropical regions of China. As 

the origin of litchi, China is the biggest litchi producer in the world with its more than 2100 

years of cultivation history. But because of the historical reason litchi cultivation did not get 

due attention before. After reform, Litchi has become the forth largest fruits in China with the 

improvement of production technology and increase living standard. Since 1980s, litchi has 

become major industry in South China and creates an employment generation for local 

population (Chen and Huang 2000). The major litchi producing area of China is Guangdong, 

http://www.custoseagronegocioonline.com.br/
mailto:bagchi_econ@yahoo.com
mailto:zljay@scau.edu.cn


Analysis of farm household technical efficiency in Chinese litchi farm using bootstrap DEA 

Bagchi,, M.; Zhuang, L. 

Custos e @gronegócio on line - v. 12, n. 4 – Out/Dez - 2016.                                         ISSN 1808-2882 

www.custoseagronegocioonline.com.br 

 

379 

Guangxi, Hainan, Fujian, Yunnan, Taiwan Province and some parts of Sichuan, Zhejiang and 

Guizhou Province. These Provinces are suitable for litchi production due to its special local 

geographical status and micro-climate (Wu, et al. 2007).  

Guangdong Province is the largest Litchi producing area of China, accounting for 

more than 60% of country’s total production. In 2009, China produced 1.69 million tons of 

litchi which is 70% of world production by using 557200 hectares of land. But recently the 

area under litchi cultivation is declining due to constraint bottleneck to industrial development 

(Morshed and Shan-Ni 2012). The declining total area under litchi production may also be 

attributed to the high labor cost, low yield and low price of fruit. It is reported by Morshed 

and Shan-ni (2012) that there exists instability in China’s litchi industry. Figure 1 represents 

the acreage of litchi in main litchi producing area of China.  
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Figure 1: Trend of litchi producing area of Guangdong and Guangxi provinces of China 

 

It is clear from the figure that in every region total litchi cultivated area is gradually 

declining. Though there is no scope to increase the supply of land so in this situation 

efficiency improvement has become more important in order to meet the increasing demand. 

Given this backdrop, present research set out the main objectives is to estimates the technical 

efficiency (TE) and scale efficiency (SE) of litchi farmers in China.  

There are two competing approach in efficiency estimate, non-parametric data 

envelopment analysis (DEA) and parametric stochastic frontier approach (SFA). Non-

parametric DEA approach is especially popular for several reasons. First, no assumptions 
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need to be made regarding the functional form for the production function and cost function 

and does not require price data. Second, in DEA, it is not required to aggregate the multiple 

input and output. Third, due to the linear programming technique, DEA can identify best 

practice for every firm (Färe, et al. 2013).  

The parametric SFA approach is based on econometric regression and one of its strong 

restrictive features is that it requires prior specification of the functional form for the 

production function. For multiple inputs and outputs, SFA needs to aggregate them. Based on 

the above considerations, we have decided to use data envelopment analysis (DEA) in our 

present study. 

Several studies have used parametric (SFA) and non-parametric (DEA) approaches to 

estimate the efficiency in the agricultural sector (Wilson, et al. 2001, Coelli, et al. 2002, 

Bozoğlu and Ceyhan 2007, Alam, et al. 2011, Hormozi, et al. 2012, Madau 2012, Bagchi and 

Shunbo 2013, Kočišová 2015, Mirza, et al. 2015). But none of these studies have been 

estimated confidence intervals of the efficiency scores to provide statistical inferences. DEA 

is best suited to measure the efficiency but the results are criticized for not providing 

statistical precision (Coelli, et al. 2002, Caves, et al. 1982).  

The other drawback of DEA is the biased measures of estimates of efficiency which 

may lead to biased conclusions. To overcome this drawback in our present study we employ 

bootstrap technique to DEA estimate. A number of studies (Feng 2008, Chen, et al. 2009, 

Tan, et al. 2010) also estimated the efficiency of agricultural sector in China without 

correcting the bias of the efficiency score using bootstrap technique. To the best of our 

knowledge there is no studied has been conducted to measure the biased corrected technical 

efficiency of Chinese litchi farmers.  

To address this research gap the present study applies bootstrapped DEA to assess the 

biased corrected technical efficiency of Chinese litchi farms. So this is the first study of both 

scale and technical efficiency at the farm level for the litchi producing in China.  

 

2. Materials and Methods 

2.1. Data Envelopment Analysis (DEA) 
 

 

The nonparametric Data Envelopment Analysis (DEA) is applied to analyze the 

technical and scale efficiency score in our study derives from Färe et al., (1985, 1994), which 

is based on the study of Farrell (1957)  and others and farther explain in Coelli et al., (1998). 

DEA is linear programming method that can be employed for both output- oriented or input-
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oriented model depends on whether we use output distance function or input distance 

function. Output-oriented measure refers to production technology that considers maximum 

proportional increase in output, with constant level of input. In contrast, in case of input-

oriented, the DEA method seeks minimum usage in input usage, with fixed level of output. 

Under the constant returns to scale (CRS) both measures derive same technical efficiency 

scores, but not when technology exhibits variable returns to scale (VRS).  

 

2.2. Technical efficiency 

 

Technical efficiency (TE) refers to the firm’s capability to produce the maximum 

possible level of output from a fixed level of inputs (output-oriented approach), or uses the 

minimum viable level of inputs to produce a given output level (input-oriented approach). The 

optimality of firm’s size is measured by the scale efficiency. In present study, we apply DEA 

approach to estimate both input-based and output based technical efficiency and scale 

efficiency  

In this DEA model, k refers to the input and m refers to the output for each of n farms. 

Vectors xj and yj represent the input and output data for jth farm whereas X and Y represent 

the k´n input matrix X, and the m´n output matrix for all of the n farms in the sample 

respectively. Overall TE for jth farm for input and output based DEA under VRS and CRS 

technology is calculated by following equation: 

 

2.3. Input-oriented technical efficiency 
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Where λ is n×1 vector of weights and generally 10  CRS

j . By solving the value of 

CRS

j  we can find TE score for CRS. For interpretation, 1CRS

j shows the farm is on the 

frontier and technically efficient and the value of 1CRS

j refers to the technically inefficient 

farm. After solving n times of linear programming problem we can get the value of 
CRS

j for 
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each farm.  To obtain the TE 
VRS

j under VRS technology, we have to add the convexity 

constraint 
1

1




n

j

j
 to equation (1): 

 

2.4. Scale efficiency 

 

Scale efficiency (SE) is measured by the relationship between 
CRS

j and VRS

j  

 

VRS

j
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j

jSE



                                                    (2) 

The valus SEj = 1 indicates the farm is operating on CRS technology and SEj < 1 

implies that CRS and VRS do not coincide which indicates farm is operating either increasing 

returns to scale (IRS) or decreasing returns to scale (DRS).  

 

2.5. Output-oriented technical efficiency 

 

Output oriented TE for the jth farm under VRS is computed by following formula.  

 

                                    (3) 

 

2.6. Bootstrapping technique to DEA estimator 

 

DEA is most commonly used method to estimate efficiency for multi- input and multi-

input technology even in the absence of price data (Headey, et al. 2010). Despite this 

advantage, the drawback of DEA is that the result may be affected by sampling variation and 

it also suffers from biasness of result. To account for this, Simer and Wilson (Simar and 

Wilson 1999, Simar and Wilson 2000) introduced smooth bootstrapping technique to access 

the sampling variability by constructing the confidence intervals and correct the biasness of 

result with original DEA estimator.  
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In the present study we employ bootstrap procedure proposed by Simar and Wilson 

(1999), initiated by Efron (1979). Following Simar and Wilson (1999) idea underlying the 

bootstrapping technique is by mimicking the data generating process (DGP) it approximates a 

true sampling distribution, here the output from original DEA.  

The basic of bootstrapping efficiency score is to construct a large number of pseudo-

data set and re-estimate the DEA model with this new data set. This estimates a new DEA 

efficiency score for each farm. After many replication of this re-sampling process, we can 

obtain a good approximation of the empirical distribution of the efficiency estimates.  

In our empirical research we have chosen bandwidth parameter following the normal 

rule: 2,000 bootstrap iterations were performed for the low variability of confidence intervals 

of bootstrap technique and constructed the 95% confidence intervals. According to Simar and 

Wilson (1999), the appropriate rule for determining the smoothing bandwidth parameter is 

expressed as follows:  

H=
6
1

5

4








n  

where n is the number of sample farms.
 

 

2.7. Data and Variables 

 

Primary data for this research pertain to an intensive farm survey of litchi farmers at 

the time of 2014 in 6 provinces of China. Samples were collected from Shenzhen and 

Zhanjiang region of Guangdong province, Beihai region of Guangxi,Zhangzhou and Ningde 

region of Fujian province, Baoshan and Haikou of Yunnan province, Danzhou Hainan 

provinces and Luzhou of Sichuan province. Employing multistage stratified random sampling 

technique, a total of 160 sample households were selected from these 6 provinces  

The variables for this research are mentioned below: 

a) Output 

Output is defined by the value of litchi produced in samples farms. The value of Litchi 

produced by the sample farmers has accounted RMB (1 $ = 6.12 RMB). 

b) Input  

 

Six inputs are used: land, labor, fertilizer, pesticides, land rent and other cost. Land 

refers to the total harvested areas for litchi production which have been estimated in mu basis 
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(Chinese area unit, approximately 0.067 hectare). Labor is measured as the number of farmers 

engaged in litchi production. Fertilizer includes the total value (in RMB) of all fertilizer used 

for litchi production. Pesticides input means the values of pesticides (in RMB) used for litchi 

cultivation. Land rent and other cost also expressed as the value (in RMB). All variables are 

presented in the following Table 1. 

 

Table1: Descriptive statistics of input and output for sample litchi farms 

Variables Unit Mean Std. dev Minimum Maximum 

Litchi output (value) RMB 265624.9 323041.2 3600 1636000 

Land  MU 51.59 105.26 0.02 850 

Labor  Man-days 685.82 563.12 0 2571.4 

Fertilizer RMB 282.12 342.98 0 2880 

Pesticides  RMB 263.11 268.46 0 1500 

Land rent RMB 68.96 180.57 0 1500 

Other cost RMB 31.29 47.93 0 275 

 

 

3. Result and Discussion 

3.1. Technical efficiency 

 

The TE score of original data are reported in Table 2. Farm level TE of Chinese litchi 

farms were attain by employing DEAP 2.1 computer program (Coelli 1996). The Table 

represents TE and SE under both of the CRS and VRS technology of  input and output- 

oriented DEA approach. Result revealed that the average TE score of output-oriented for CRS 

and VRS technology are 0.727 and 0.804 respectively, which imply that the VRS technology 

is more flexible than the CRS technology and data under VRS envelop in a tighter way.  

 

Table 2: Estimated technical efficiency and scale efficiency using DEA 
Particulars Input oriented Output oriented 

TECRS TEVRS SE TECRS TEVRS SE 

Mean 0.727 0.773 0.881 0.727 0.804 0.908 

Std. dev 0.254 0.254 0.178 0.254 0.244 0.145 

Maximum 1.000 1.000 1.000 1.000 1.000 1.000 

Minimum 0.171 0.194 0.110 0.171 0.181 0.334 

IRS (%) - - 48 - - 27 

CRS (%) - - 29 - - 33 

DRS (%) - - 23 - - 40 

 

The average TE under VRS is 80% with a range from 18% to 100%, which implies 

that the average litchi farm households are potential for producing 80% of output with fixed 

level of input. It is also suggests that if farmers use their resources more effectively they are 
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able to increase the output quantities by 20%. It is also clear from the Table 2 that the mean 

TE score in input oriented VRS frontier is 77% with a range from 19% to 100%, which is 

lower than the output oriented technical efficiency score.  

The mean TE scores 77% indicate the mean potentiality of litchi farmers is 23% for 

saving the input.  It also demonstrates that average litchi farmers can reduce their input by 

23% for producing same level of output quantities. Our estimated technical efficiency (0.804) 

is generally comparable with the result obtained by Chen et al., (2009), which were 0.80, 

0.85, 0.73, and 0.69 for North, Northeast, East and Southwest part of China, respectively, and 

with the result of Feng (2008), who estimate the technical efficiency of 0.82 for Jiangxi 

province and Chen and Song (2008), which was 0.803 for China as a whole.  

The estimated TE of this study is higher than the TE by Bagchi and Yao (2013) who 

estimates TE for VRS and CRS are 0.772 and 0.746 respectively for Bangladeshi rice farm, 

the result of Madau (2012), which were 0.711 and 0.643 for VRS and CRS respectively in 

case of Italian citrus fruits, but lower than the Chinese rice grower which were 0.91, 0.89 and 

0.80 and  for early rice, late rice and one-season rice,  respectively (Tan, et al. 2010) and 

wheat grower technical efficiency (0.870) Wilson et al., (2001).  

 

3.2. Comparing efficiency score between original and bias-corrected DEA  

 

 

Now we consider the bias corrected technical efficiency result obtained by 

bootstrapping to DEA approach which is somewhat different from the original efficiency 

scores. Table 3 compare the results of output oriented DEA efficiency scores under VRS and 

the corresponding bias corrected bootstrapped technical efficiency scores with lower and 

upper bound.  

 

Table 3: Comparing efficiency score between original and bias-corrected DEA method 

Particulars TE (VRS) Bias-Corrected TE Bias Lower Bound Upper Bound 

Mean 0.804 0.667 0.136 0.607 0.800 

Std. dev 0.244 0.214 0.156 0.186 0.243 

Maximum 1.000 0.963 0.518 0.909 0.999 

Minimum 0.181 0.161 0.011 0.142 0.180 

 

Result revealed that after correcting for bias the mean technical efficiency score is 

0.667, which is significantly differs as compared with initial DEA score of 0.804. If we only 
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know the original score, it means that average litchi farms have the potentiality for producing 

80% of outputs. But after correcting for bias, farms have the potentiality for producing 66% of 

output by same level of input as before. The bias corrected bootstrapped technical efficiency 

scores is depicted in Figure 2 with upper and lower bound. 

 

 

Figure 2: Bias-corrected technical efficiency score with upper bound and lower bound 

 

In addition, the means with relatively large bias and confidence intervals implying 

wide variation in efficiency scores. Relatively wider confidence intervals of efficiency score 

demonstrate the additional justification for bootstrapping. After using bootstrap technique to 

DEA, technical efficiency score is significantly lower than the initial DEA score is supported 

by Abatania et al., (2012), Simer and Wilson (2000) and Emili et al., (2007).  

The frequency distribution of Chinese litchi farm based on original DEA is 

represented in figure 3. Figure depict that in output oriented 45% farm households are fully 

technically efficient in VRS model while it is 27% for CRS model. But in input-oriented case 

fully technically efficient farm households are 40% under VRS and 27% under CRS. 
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Figure 3: Frequency distribution of farm’s technical efficiency based on initial DEA  

 

It is also evident from the result that the lowest number of farms is with efficiency 

score intervals (60-69) and highest with efficiency score (100) for both of the model. It 

indicates that high potentiality exist for technical efficiency among the Chinese Litchi 

farmers. When we compare with the bootstrap efficiency score, no farm was found to be 

technically efficient and no farm with efficiency score larger than 0.963 (Figure 4). 
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Figure 4: Comparing frequency distribution of technical efficiency score between 

original and bootstrap DEA 

 

It indicates there have significant room for the improvement in technical efficiency in 

litchi farmers. So caution is needed to evaluate the performance of individual farmer 
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considering only the original DEA estimates (Simar and Wilson 1999). The number of farms 

with efficiency scores in the <69 intervals is respectably high (52%) in bootstrap sample 

while in original sample the highest number of farms is fully technically efficient. So we can 

conclude after comparing the bootstrap DEA to the original DEA estimate that the 

bootstrapping technique helps to reduce the ambiguity of result. 

 

3.3. Scale efficiency  

 

SE of Chinese litchi producer is estimated applying equation (2) which is reported in 

table 2 above. In output oriented the average estimated scale efficiency is 0.908 with a range 

from 0.33 to 1 and standard deviation is 0.145. It demonstrates that litchi farms could improve 

their efficiency by 9% for adjusting their scale of operations.  

For input oriented it is 0.881 with a range from 0.11 to 1 and standard deviation 0.178. 

Frequency distribution of estimated output oriented scale efficiency of sample farms is 

represented in the upper portion of table 4. The result revealed that most of the litchi farmers 

are not scale efficient. Only 31.25% (50 farms) farm household are scale efficient and number 

of farm households is highest with efficiency intervals (80-99) which is 50% (88 farms) of all 

farm household.  

In addition, 26.25% (42 farms) are operating below the average score of scale 

efficiency. The estimated average score of scale efficiency and the percentage of the farm 

household operating above the average implying the Chinese litchi farmer’s scale efficiency is 

high and technical inefficiency is mainly attributed to the lack of managerial ability. 

A decomposition of estimated scale efficiency based on the nature of the returns to 

scale is presented in the lower portion of the Table 4. The result revealed that the 26.88% of 

total farmers (43 farmers) are operating under increasing returns to scale and 29.00% (46 

farmers) are working under constant returns to scale and a large number of farms 40% (64 

farms) are operating under decreasing returns to scale.  

Table 4: Frequency distribution of scale efficiency and nature of returns to scale 

Scale efficiency score  No. of farms % of farms 

<39 3 1.88 

40-60 6 3.75 

61-80 21 13.13 

81-99 80 50.00 

100 50 31.25 

Nature of returns to scale     
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Increasing Returns to scale(IRS) 43 26.88 

Constant Returns to Scale (CRS) 46 29.00 

Decreasing returns to Scale (DRS) 64 40.00 

Most productive scale size (MPSS) 7 4.00 

 

Only seven farmers which are 4.00% of the total sample farmers are operating with 

most productive scale size which are technically inefficient but scale efficient. 

We examine farmer’s characteristics with respect to input use under various returns to 

scale in Table 5. CRS is the desirable scale because under CRS farmers are both technically 

and scale efficient. For this reason we make a comparison of all scale with respect to CRS 

frontier. 

 

Table 5: Farmer’s characteristics with respect to input use under various returns to 

scale 

Input characteristics 

No. of 

Farms 

% of 

Farm Maximum Minimum Mean Std. dev 

IRS 43 27%     

land   31 1 9 7 

No. of labor   2571 0 425 469 

Fertilizer cost   360 0 132 89 

pesticide cost   800 2 171 212 

depreciation cost   54 0 13 17 

Land rent   180 0 20 49 

CRS 46 29%     

land   220 1 44 47 

No. of labor   1610 0 488 409 

Fertilizer cost   900 0 172 180 

pesticide cost   650 0 133 124 

depreciation cost   250 0 24 43 

Land rent   270 0 26 90 

DRS 64 40%     

land   850 3 86 154 

No. of labor   2400 100 1036 566 

Fertilizer cost   2880 0 473 453 

pesticide cost   1500 20 424 305 

depreciation cost   275 0 48 60 

Land rent     1500 0 123 264 

MPSS 7 4%     

Land   85 1 55 28 

No. of labor   720 105 391 22 

Fertilizer cost   280 20 185 92 

Pesticides cost   580 60 209 181 
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Depreciation cost   75 15 44 25 

Land rent   80 0 19 30 

 

Result illustrate that the farms household under IRS use and spend less amount of all 

inputs except pesticides cost comparing to the farmers working with CRS. On the other hand, 

farms operate under both DRS and MPSS on the average use more of all 6 inputs compared to 

those farms operating under CRS. 

 

4. Conclusion 

  

This study employed non parametric (DEA) appproach with bootstrapping to estimate 

the technical and scale efficiency of farmers engaged in litchi production in southern part of 

China. In this research we used detailed survey data obtained from 160 litchi farm households 

spread over 6 provinces in China at the time of 2014.  

First we apply DEA output-based and input-based under constant returns to scale CRS 

and VRS to estimate TE and then scale efficiency is estimated by the relationship between 

VRS and CRS models. But the result with DEA have been criticized for lacking statistical 

precision of the efficiency scores, in past.  

Without the statistical precision it is not possible to identify estimated efficiency 

results are statistically significant or not. We circumvent this problem by applying the 

bootstrapping technique to the DEA estimate. The result represent the mean TE under VRS 

for output based is 0.804 indicating the average litchi farmers have the potentiality for 

producing 80% of output with input quantities remain constant. When we apply bootstrapping 

technique to original DEA the result is significantly differ from the initial efficiency score.  

The bias corrected technique efficiency score is 0.66 indicating that there exists 

substantial inefficiency in the litchi farm household. The frequency distribution of Chinese 

litchi farm based on original DEA shows that 45% litchi farmers are fully technically efficient 

while no farm is technically efficient under bootstrapped DEA estimate.  

The mean scale efficiency score is 0 .908 demonstrate that for adjusting the scale of 

operations Chinese litchi farmers could improve their efficiency by 9%.  Given the evidence 

presented in this study it is clear that majority of litchi farmers (55% of total sample) are 

technically inefficient and much larger farmers (69% of total sample) are scale inefficient it 
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would be suggest to make every effort to convert inefficient farmers to the efficient in litchi 

production. 
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