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Determinants of Technical In-efficiencies                           
in Swamp Rice Farming -                                                     
Ciamis District, Indonesia 

Agus Yuniawan Isyanto, Sudrajat Sudrajat, and Muhamad Nurdin Yusuf 

Agribusiness Department, Faculty of Agriculture, Universitas Galuh,                                                                     
Jl. R.E. Martadinata No.150, Ciamis 46274, Indonesia 

Abstract. Rice farming in swamps, a marginal land, has a relatively high 
risk related to the level of technical efficiency. This research was 
conducted with the aim of identifying the level of technical efficiency and 
the influence factors of technical inefficiency in Lakbok Subdistrict, 
Ciamis District, Indonesia. Simple random sampling was used with a 
sample size of 41 farmers. The analysis was carried out using a stochastic 
frontier function. The results showed that the average level of technical 
efficiency was 0.78. Education and family size have a significant effect on 
technical inefficiency. 

Keywords: Farmer, marginal land, stochastic frontier 

1 Introduction 
Swamp rice grows in marginal land that has a relatively high risk related to the level of 
technical efficiency [1]. This farming is carried out in the dry season where water needs 
depend on rainfall [2]. Swamp rice farming usually faces serious challenges during the 
rainy season [3].  

The main problem in the management of swamp rice farming is the occurrence of floods 
that inhibit plant growth and production. Farmers in swamp rice often have difficulty in 
predicting flood levels, so they face the risk of flooded rice plants in the vegetative growth 
phase [4]. Weather and climate have a direct influence on agricultural production so that 
weather fluctuations and climate variability play an important role in growth and yields [5]. 

The crucial problem of rice farming in Indonesia is the low efficiency and productivity 
thus the production is uncompetitive compared to other rices. Increased rice production can 
be done through existing technology [6]. Technical efficiency compares the level of output 
in relation to the level of input used [7]. 

Lack of skilled farmers in managing the system properly causes inefficient agricultural 
management leads to reduced yields and increased waste [8]. The low yield is due to 
several factors including agro-climatological problems and high input costs [9]. Constraints 
in increasing crop yields can be related to inefficient agricultural management even though 
inputs are used intensively [10]. 

The ability to allocate factors of production will affect production and the level of 
efficiency. The non optimal production indicates the existence of technical inefficiencies 
[11].  

This research was conducted with the aim of identifying the level of technical efficiency 
and the factors that influence technical inefficiency in swamp rice farming in Lakbok 
Subdistrict, Ciamis District, Indonesia. 
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2 Methods 
The research was conducted in Lakbok Subdistrict, the only sub district that has swamp 
lanswampland farming. The research was carried out for 3 mo in planting the first season. 

The sample size was 41 farmers using simple random sampling. The study utilized 
stochastic production frontier which builds hypothesized efficiency determinants into the 
inefficiency error components. The model is defined by Equation (1): 
 

ln Y = β0 + β1lnX1 + β2lnX2 + β3lnX3 + β4lnX4 + β5lnX5 + vi – ui                  (1) 
 
Where:  
Y  = output (kg) 
X1  = seed (kg)  
X2  = Organic fertilizer (kg) 
X3  = chemical fertilizer (kg) 
X4  = Pesticide (liter) 
X5  = labor (man-day) 
β  = coefficient of regression 
vi  = random error  
ui  = technical inefficiency effects in the model. 
Technical efficiency (TE) effects model developed by Battese and Coelli was employed 

in this study. In this model a Cobb-Douglas production function and some exogenous 
factors influencing technical efficiency are determined simultaneously.  

Technical efficiency in the context of production relates to the level at which a farmer 
produces maximum feasible output from a given set of inputs (output-oriented measure), or 
uses a minimum level of input feasible to produce a certain level of output (a size-oriented 
input) [12]. 

Inefficiency model was defined to estimate the influence of some farmer’s socio-
economic variables on the technical efficiency of the farmers. Technical inefficiency effects 
are assumed to be distributed independently [13, 14]. The model was defined by Equation 
(2): 

 
μi = δ0 + δ1Z1 + δ2Z2+ δ3Z3 + δ4Z4                                                                          (2) 

Where:  
μi = technical inefficiency 
Z1 = age (years) 
Z2 = education (years) 
Z3 = experience (years) 
Z4 = family size (persons) 
δ = regression coefficient. 

3 Results and discussion 

3.1 Technical efficiency 

The level of technical efficiency achieved by rice farmers in swamps ranged from 0.53 to 
1.00 with an average of 0.778 as presented in Table 1. 
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Table 1. Frequency distribution of technical efficiency 
Technical 
Efficiency 

Frequency Percentage 

0.51 to 0.60 5 12.20 

0.61 to 0.70 6 14.63 

0.71 to 0.80 9 21.95 

0.81 to 0.90 11 26.83 

0.91 to 1.00 10 24.39 

minimum = 0.53; maximum = 1.00; mean = 0.78 
 

Table 1 showed that the average level of technical efficiency achieved was 0.78, which 
indicates that swamp rice farming was technically efficient. This efficiency index value 
implied a technical inefficiency gap of 0.22 which indicates that 22 % of higher production 
can be achieved by farmers without using additional resources, or the use of inputs can be 
reduced to achieve the same level of output. The technical efficiency will be considered as 
efficient if it reaches an efficiency index value of more than 0.70 [15]. The difference in the 
level of technical efficiency achieved by farmers shows the degree of differentiation in the 
application of technology [16]. 

3.2 The stochastic frontier production functions analysis 

Analysis of factors affecting production and technical inefficiencies was carried out using 
the stochastic frontier production function as presented in Table 2. 

 
Table 2. Maximum likelihood estimates and inefficiency functions 

Variable Coefficient Standard 
Error 

t-ratio 

Production function    
Constant 
Seed 
Organic fertilizer 
Chemical fertilizer 
Pesticide 
Labor 

3.106 7 
–0.066 8 
–0.001 3 
–0.045 4 
–0.099 4 
1.353 1 

0.651 8 
0.240 8 
0.013 3 
0.165 1 
0.091 6 
0.438 8 

4.766 6 
-0.277 4 
-0.100 8 
-0.275 3 
-1.085 8 
3.083 9* 

Inefficiency function    
Constant 
Age 
Education 
Experience 
Family size 
Sigma squared 
Gamma 

–0.209 2 
–4.868 0 
0.308 8 

–0.119 4 
–0.008 5 
–0.056 5 
0.999 9 

0.068 0 
0.447 1 
0.011 4 
0.328 0 
0.001 4 
0.003 4 
0.002 4 

3.075 6 
0.108 9 

27.077 8* 
-0.364 1 

-5.985 7* 
16.376 8 

425.254 4 
Log likelihood function 18.2348   

LR Test 12.8942   
*significant at 1 % (p > 0.01) 

 
The estimated value of the gamma parameter (γ) of 0.999 9 is statistically different from 

zero. This indicated that 99.99 % of the variation in the level of output in swamp rice 
farming is caused by technical inefficiencies in the use of inputs. The model used in this 
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study is a linear log equation hence the value of each regression coefficient shows the 
production elasticity of each input. The sum of all regression coefficients is more than one 
(1.13) which indicates increasing returns to scale. 

Table 2 showed only the labor force that has a positive and significant effect on 
production in swamp rice farming. The results of this study were in line with the other 
research [1, 17]. 

3.3 Technical inefficiency 

Table 2 showed that education has a positive and significant effect on technical 
inefficiencies, which shows that improving education will reduce technical efficiency. 
Family size has a negative and significant effect on technical inefficiency which indicates 
that increasing family size will increase technical efficiency. The results of this study are in 
line with the results of another research [18]. 

Age has a negative but not significant effect on the level of technical inefficiency which 
indicates that the older the farmer, the more technically efficient. The results of this study 
are consistent with other findings [19]. 

Education has a positive and significant effect on technical inefficiency which shows 
that the more educated farmers, the lower the technical efficiency. The results of this study 
are in line with other findings [20]. 

The experience of farmers in swamp rice farming has a negative but not significant 
effect on the level of technical inefficiency. This shows that the more experienced farmers 
in carrying out swamp rice farming will increase their technical efficiency. The results of 
this study are consistent with other findings [21]. 

Family size has a negative but not significant effect on the level of technical 
inefficiency. This shows that the more family size will increase the technical efficiency. 
More family size means more workers are available to carry out rice farming activities in 
swamps in a timely manner thus the production process becomes more efficient [6]. 
Farmers who have large family sizes tend to try their best to get higher yields to meet the 
needs of their families. In addition, large family sizes have the workforce needed to 
implement agricultural management decisions [22].  

4 Conclusion 
The level of technical efficiency of swamp rice farming ranged from 0.53 to 1.00 with an 
average of 0.778 which indicated that swamp rice farming has reached a level of technical 
efficiency. Labor has a significant effect on production, while seeds, organic fertilizers, 
chemical fertilizers and pesticides have no significant effect. Education and family size 
have a significant effect on technical inefficiency, while age and experience have no 
significant effect. 
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