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ABSTRACT 

 

Yield enhancement through increasing efficiency in cereal production in general and in wheat production in particular 

could be an important way towards achieving food security. This study was aimed at estimating the levels of technical, 

allocative and economic efficiencies of smallholder wheat producers; and to identify factors affecting efficiency of 

smallholder farmers in wheat production. A two stages sampling technique was used to select 152 sample farmers to 

collect primary data pertaining of 2016/17 production year. Both primary and secondary data sources were used for this 

study. Stochastic production frontier approach and two limit Tobit model was employed. The stochastic  production 

frontier model indicated that input variables such as mineral fertilizers, land and seed were the significant inputs to 

increase the quantity of wheat output. The estimated mean values of technical, allocative and economic efficiency were 

78, 80 and 63% respectively, which indicate the presence of inefficiency in wheat production in the study area. A two-

limit Tobit model result indicated that technical efficiency positively and significantly affected by sex of the household 

head, education, extension contact, off/non-farm activity and soil fertility but negatively affected by land fragmentation. 

Similarly, age, education, extension contacts and off/non-farm activity positively and significantly affected allocative 

efficiency. In addition, economic efficiency positively and significantly affected by sex, age, education, extension 

contact, off/non-farm activity and soil fertility. The policy measures derived from the results include: expansion of  

education, strengthening the existing extension services, establish and/or strengthening the existing off/non-farm 

activities and strengthening soil conservation practices in the study area.  

 

Keywords: economic efficiency, Ethiopia, smallholder, stochastic frontier  

JEL: D24, D62 

 

INTRODUCTION 

 

Agriculture is a centre driver of Ethiopian economy. 

Economic growth of the country is highly linked to the 

success of the agricultural sector. It accounts for about 

36.3% of the Gross Domestic Product, provides 

employment opportunities to more than 73% of total 

population that is directly or indirectly engaged in 

agriculture, generates about 70% of the foreign exchange 

earnings of the country and 70% raw materials for the 

industries in the country (UNDP, 2018).Even though it is 

contributing a lot to the Ethiopian economy, the 

agricultural sector is explained by low productivity, 

caused by a combination of natural calamities, 

demographic factors, socio-economic factors; lack of 

knowledge on the efficient utilization of available; and 

limited resources, poor and backward technologies and 

limited use of modern agricultural technologies (WFP, 

2012). Moreover, the sector is dominated by smallholder 

farmers that are characterized by subsistence production 

with low input use and low productivity, and dependency 

on traditional farming and rainfall. 

In sub-Saharan Africa, Ethiopia is the second largest 

producer of wheat, following South Africa. Wheat is one 

of the major staple and strategic food security crop in 

Ethiopia. It is the second most consumed cereal crop in 

Ethiopia next to maize. It is a staple food in the diets of 

several Ethiopian, providing about 15% of the caloric 

intake (FAO, 2015), placing it second after maize and 

slightly ahead of teff, sorghum, and enset, which 
contribute 10-12% each (Minot et al., 2015).It has 

multipurpose uses in making human foods, such as bread, 

biscuits, cakes, sandwich, etc. Besides, wheat straw is 

commonly used as a roof thatching material and as a feed 

for animals (Mesfin, 2015). 

In Oromia region, the total area covered by wheat was 

898,455.57 hectare produced by 2.21 million smallholders 

with the total production of 2.66 million tons; and average 

productivity was 2.96 ton/ha (CSA, 2017). In Abuna 

Gindeberet district, about 22,020 hectares of land was 

covered by cereal crops. Of these, 6,240 hectares of land 

was covered with wheat with total production of 174,721 
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quintals. Despite its increase in area and production, its 

productivity is low (2.8ton/ha) which is below the average 

of productivity in the region (2.96ton/ha). There was also 

variation of productivity among wheat producers in the 

district due to difference in inputs application rates and 

management practices like timely sowing. 

Production in efficient way is the basis for achieving 

overall food security and poverty reduction objectives 

particularly in major food crops producing potential areas 
of the country (Tolesa et al., 2014). However, farmers are 

discouraged to produce more because of inefficient 

agricultural production and efficiency differences among 
producers (Degefa et al., 2017). When there is 

inefficiency; attempts to commence new knowledge may 

not result in the expected impact since the existing 

knowledge is not efficiently utilized. The presence of 

inefficiency not only limits the gains from the existing 

resources, it also hinders the benefits that could arise from 

the use of improved inputs. Hence, improvement in the 

level of efficiency will increase productivity by enabling 

farmers to produce the maximum possible output from a 

given level of inputs with the existing level of technology 
(Geta et al., 2013; Yami et al., 2013; Sisay et al., 2015). 

Many researchers, in different sectors, have done 

many efficiency estimation studies in Ethiopia. However, 

the majority of farm efficiency studies are limited to 

technical efficiency (Fekadu and Bezabih, 2008; Yami 
et al., 2013; Beshir, 2016; Kelemu and Negatu, 2016; 

Assefa, 2016; Tiruneh and Geta, 2016). But, focusing 

only on technical efficiency (TE) understates the benefits 

that could be derived by producers from improvements in 

overall performance. Unlike technical efficiency, studies 

conducted on economic efficiency (EE) of wheat are 

limited (Solomon, 2012; Awol, 2014). Moreover, there is 

no study done on economic efficiency of smallholder 

wheat producers in the study area. Therefore, the 

objectives of our study was to measure farm level 

technical, allocative and economic efficiencies of 

smallholder wheat producers and to identify factors that 

affect the level technical, allocative and economic 

efficiencies of smallholder wheat producers in Abuna 

Gindeberet District. 

 

DATA AND METHODS 
 

Description of the Study Area 

The study was conducted in Abuna Gindeberet district in 

Ambo zone, Oromia National Regional State. The district 

is located at 184 km west of the capital city of the country, 

Finfinne. It is bordered by Meta Walkite district in East, 

Gindeberet district in West, Jeldu district in South and 

Amhara National Regional State in North. The total land 

area of the district is 138,483.25 hectares which comprised 

41 rural kebeles. Data collection for the study was carried 

out in three rural kebeles, viz., Jemmo feno, Gitire and 

Irjajo (Figure 1). 
 

Sampling Technique and Sample Size Determination 

Two stages random sampling procedures was employed to 

draw a representative sample. In the first stage, three 

kebeles out of the fifteen wheat producing kebeles in the 

district were randomly selected. In the second stage, 152 

sample farmers were selected using simple random 

sampling technique based on probability proportional to 

the size of wheat producers in each of the three selected 

kebeles. To obtain a representative sample size, the study 

employed the sample size determination formula given by 

Yamane (1967) (Eq. 1). 

 

𝑛 =
𝑁

1+𝑁(𝑒2)
 (1) 

 

Where:  

𝑛  sample size;𝑁 total number of wheat producing 

household heads in the district (5,344) ; 𝑒 margin error 
(8%) 

 

 
Figure 1. Map of the study area 

 
Data Collection 

Both qualitative and quantitative data were used. Data was 

obtained from both primary and secondary data sources. 

The primary data were collected using structured 

questionnaire that was administered by the trained 

enumerators. The questionnaire was pre-tested and 

necessary corrections were made before actual use. 

Secondary data were also collected from bureau of 

agriculture of the district and other relevant sources.  
 

Methods of Data Analysis 

Both descriptive and econometric methods were used to 

analyse the data. Descriptive statistics, mean, minimum, 

maximum and standard deviations were used. 

Most empirical studies on efficiency in Ethiopia were 

analysed using stochastic production frontier 
methodology (Solomon, 2014; Ahmed et al, 2015; Sisay 

et al., 2015).This study also employed stochastic frontier 

approach to estimate the level of technical, allocative and 

economic efficiencies. The main reason is that stochastic 

approach allows for statistical noise such as measurement 

error and climate change which are beyond the control of 

the decision making unit. 
Following Aigner et al. (1977) the model is specified by 

Eq. 2. 

 

𝑙𝑛(𝑌𝑖) = 𝐹(𝑋𝑖, 𝛽𝑖) + 𝑣𝑖 − 𝜇𝑖                 𝑖 = 1,2,3… 𝑁   (2) 
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Where: 

𝑖  denotes the number of sample households; 

𝑙𝑛(𝑌𝑖) denotes the natural log of (scalar) output of the ith 

households; 

𝑋𝑖 represent a vector of input quantities used by the i th 

households; 

𝛽𝑖 denotes a vector of unknown parameters to be 
estimated; 

𝑣𝑖 is a symmetric component and permits a random 

variation in output due to factors beyond the control of 

farmers. It is assumed to be independently and identically 

distributed 𝑁~(0, 𝜎2
𝑣)  and 

𝑢𝑖  intended to capture inefficiency effects in the 

production of wheat measured as the ratio of observed 

output to maximum feasible output of the ithfarm. It is 

assumed to be independently and identically distributed as 

half-normal, 𝑢~𝑁(𝑢,𝜎2
𝑢). The study computes TE for 

the ith firms as Eq. 3. 

 

TE =
𝑙𝑛𝑌𝑖 =𝛽𝑜+∑ 𝛽𝑗𝑙𝑛𝑋𝑗𝑖+𝑣𝑖−𝑢𝑖

5
𝑗=1

𝑙𝑛 𝑌𝑖=𝛽𝑜+∑ 𝛽𝑗𝑙𝑛𝑋𝑗𝑖+𝑣𝑖
5
𝑗=1

 =    
𝑌𝑖

𝑌𝑖
∗ (3) 

 

The value of TE lies between zero and one implying 

fully technically inefficient and fully technically efficient 

respectively. Following Battese and Coelli (1995) the 

stochastic cost frontier function was specified which 

forms the basis of computing AE and EE of wheat 

production. The dual cost frontier is specified as in Eq. 4. 

 

𝑙𝑛〖(𝐶〗𝑖) =   𝛽𝑜 + ∑ 𝛽𝑗
5
𝑗=1 𝑙𝑛𝑃𝑗𝑖 + 𝑣𝑖 + 𝑢𝑖  (4) 

 

Where: 

ln 𝐶i denotes the logarithm of the cost of production of the 
ith firm; 

𝑃𝑗𝑖 denotes a vector of inputs price and output of i th firm; 

𝛽𝑜, 𝛽𝑗 denotes a vector of unknown parameter to be 

estimated; 

𝑣𝑖 denotes random variables assumed to be independent 
and identically distributed random errors with zero mean 

and variance(𝜎𝑣2) and 

𝑢𝑖  denotes non-negative random variables which are 
assumed to account for cost inefficiency. 

After we estimate cost efficiency, allocative 

efficiency is computed as the inverse of cost efficiency. 

Economic efficiency was computed by the product of 

technical and allocative efficiencies. 

 
Determinants of efficiency 

In this study, to identify the effect of independent variables 

on level of efficiencies, two-limit Tobit model was 

employed. Because of the character of the dependent 

variable which is efficiency score that takes values 

between 0 and 1 the model is appropriate (Maddala, 

1999). 

Following Maddala (1999) the model can be 

specified as in Eq. 5. 

 

𝑦𝑖 𝑇𝐸 ,𝐴𝐸,𝐸𝐸
∗ = 𝛿0 + ∑ 𝛿𝑛𝑍𝑖𝑛

12
𝑛=1 + 𝜇𝑖 (5) 

 

Where: i refers to the ith farm in the sample households; n 

is the number of factors affecting efficiencies scores; 𝑦𝑖 is 

efficiency scores of the ith farm. 𝑦𝑖  
∗  is the latent variable, 

𝛿𝑛 are unknown parameters to be estimated and 𝜇𝑖  is a 

random error term that is independently and normally 

distributed with mean zero and common variance 

of σ 2(μi~IN(0, σ2)). 𝑍𝑖𝑛 are demographic, institutional, 

soci-economic and farm-related variables which are 

expected to affect the dependent variable (level of 

efficiencies in this study). 

Denoting yi as the observed variables (Eq. 6), 

 

𝑦𝑖 = ⌊

1 𝑖𝑓  𝑦𝑖
∗ ≥ 1 

𝑦𝑖
∗ 𝑖𝑓  0 < 𝑦𝑖

∗ < 1

0 𝑖𝑓  𝑦𝑖
∗ ≤ 0

⌋ (6) 

 

Since the distribution of the explained variable in 

equation (5) is not normal the ordinary least square (OLS) 

estimation will give biased estimates (Maddala, 1999). 

To avoid the biased estimates arrives from OLS, the 

maximum likelihood estimation can give up the reliable 

estimates for unknown parameters. Following Maddala 

(1999), the likelihood function of this model is given by 

Eq. 7. 

 

𝐿(𝛽, 𝛿|𝑦𝑗,𝑋𝑗𝐿1𝑗,𝐿2𝑗) = ∏ 𝜑 (
𝐿1𝑗−𝛽′𝑋𝑗

𝛿
)𝑦𝑗=𝐿1𝑗
∏

1

𝛿


𝑦𝑗=𝑦𝑗

∗

(
𝑦𝑗−𝛽′𝑋𝑗

𝛿
)∏ 1 − 𝜑(

𝐿2𝑗−𝛽′𝑋𝑗

𝛿
)𝑦𝑗=𝐿2𝑗
 (7) 

 

Where: 𝐿1𝑗 = 0 (lower limit) and 𝐿2𝑗 = 1 (upper limit) 

where φ(. )and 
 (. )are normal and standard density 

functions. It is better to work with log of likelihood 

function rather than likelihood since the log function is 

monotonically increasing function (Greene, 2003). 

Like traditional regression coefficients, the regression 

coefficients of the two-limit Tobit regression model 

cannot be interpreted, that give the extent of the marginal 

effects of change in the predictor variables on the likely 

value of the response variable. In a Tobit model, each 

marginal effect includes both the influence of explanatory 

variables on the probability of explained variable to fall in 

the uncensored part of the distribution and on the expected 

value of the dependent variable conditional on it being 

larger than the lower bound. Thus, the total marginal effect 

takes into account that a change in independent variable 

will have a simultaneous effect on probability of being 

technically, allocatively and economically efficient and 

value of technical, allocative and economic efficiency 

scores. A useful breakdown of marginal effects was 
extended by Gould et al. (1989). From the likelihood 

function of the model stated in equation (7), Gould et al. 

(1989) proved the equations of three marginal effects as 

follows: 

a. The unconditional expected value of the 

dependent variable (Eq. 8). 

 
∂E(y)

∂xj
= [φ(ZU) − φ(ZL)].

∂E(y∗)

∂xj
+

∂[φ(ZU−φ(ZL)]

∂xj
+

∂(1−φ(ZU)

∂xj
 (8) 
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b. The expected value of the dependent variable 

conditional upon being between the limits (Eq. 

9). 

 

∂E(y∗)

∂xj
= βn.

[
 
 
 
 

1 +

{ZL


(ZL)−ZU


(ZU)}

{{φ(ZU)−φ(ZL)}}

]
 
 
 
 

−

[
{


(ZL)−


(ZU)}2

{φ(ZU)−φ(ZL)}2
] (9) 

 

c. The probability of being between the limits (Eq. 

10). 

 

∂[(φ(ZU)−φ(ZL)]

∂xj
=

βn

σ
. [ (ZL) −  (ZU)] (10) 

 

Where: φ(. )the cumulative normal distribution,  𝜙(. ) the 

normal density function,  ZL = −β′X σ⁄  and ZU = (1 −
(βX)) σ ⁄  are standardized variables that came from the 

likelihood function given the limits of y∗, and σstandard 

deviation of the model. The marginal effects represented 

by the equations above were calculated by the STATA 

command. 

Hypothesis tests that cannot be applied in non-

parametric models, are possible in stochastic production 

frontier model. Different hypothesis tests were made for 

this study by using the likelihood ratio (LR) test given by 

Equation (11) following Greene (2003). 

 

𝐿𝑅(𝜆) = −2𝑙𝑛[𝐿(𝐻𝑜)] − 𝑙𝑛[𝐿(𝐻1)] (11) 
 

Where: 

L(H0) likelihood function value under (H0); 
L(H1) likelihood function value under (H1). 

In most cases, this function has an asymptotic chi-

square distribution. Thus, if the value of LR (λ) exceeds 

the critical/tabulated 𝜒2 statistic, then the null hypothesis 

would be rejected in favour of the alternative and vice 

versa. All the parameters of production frontier, dual cost 

frontier and two limit Tobit model were estimated using 

STATA. 

 

 

RESULTS AND DISCUSSION 

 

On average, the sampled households produced 15.08 qt of 

wheat, which is the regressand variable in the production 

function. The land allocated for wheat production, by 

sampled households during the survey period was ranged 

from 0.125 to 2.5 ha with an average of 0.712 ha. 

Similarly, on average the sampled farmers incurred 

13,607.46 birr to produce 15.08 quintal of wheat. Among 

the five factors of production, the cost of land and labour 

accounted the highest share 30.79 and 27.79%, 

respectively (Table 1). 

The review statistics of demographic, socioeconomic, 

farm and institutional variables which were expected to 

affect technical, allocative and economic efficiency levels 

of smallholder farmers in the study area are presented in 

Table 2 and 3.  
 

 

Table 1.Summary statistics of variables used to estimate the production and cost function 

Variables Unit Mean Std.Dev. Min Max 

Output Quintal 15.08 10.8 2 57 

Seed Kilogram 122.75 85.57 20.00 445 

Land Hectare 0.712 0.45 0.125 2.5 

Labour Man-days 62.21 37.4 10.00 215.6 

Mineral fertilizers Kilogram 118.09 82.9 20.00 525 

Oxen Oxen-days 29.43 15.62 5.00 81 

Total cost of production  Birr 13,607.46 10,274.58 1,700 59,850 

Cost of seed Birr 9,73.48 900.65 131.25 6500 

Cost of land Birr 4,037.45 2,492.11 678.12 12000 

Cost of labour Birr 3,644.37 2,199.40 650 11858 

Cost of mineral fertilizers Birr 1,240.15 888.17 202.8 6037.5 

Cost of oxen Birr 3,217.05 1,767.18 475 11400 

Source: own computation (2018) 

 

Table 2.Summary of continuous variables used in efficiency model  

Variables Sample mean Std. deviation Min. Max. 

Age of the household head (years) 47.89 10.05 24 75 

Family size (ME) 6.12 1.80 2 11.4 

Educational level (years) 5.82 3.04 0 12 

Frequency of extension contact 5.69 2.69 0 12 

Cultivated land (ha) 0.84 0.70 0.25 3.5 

Livestock (TLU) 6.95 3.17 1.68 15.15 

Distance to the nearest market (min)  32.97 13.32 3 55 

Land fragmentation  2.08 0.85 1 4 

Source: own computation (2018) 
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Table 3. Summary of dummy variables used in efficiency model  

Variables Description Frequency  Percentage 

Sex of the household head Male (1) 118 77.63 

 Female  34 22.37 

Fertility status of the soil  Yes (Fertile) (1) 112 73.68 

 No (Infertile) 40 26.32 

Credit utilization  Used (1) 89 58.55 

 Not used 63 41.45 

Participation in off/non-farm activities Yes (1) 103 67.76 

 No 49 32.24 

Source: own computation (2018) 
 
Hypotheses test 

In this study, three hypotheses were tested. Accordingly, 

the functional form that can best fit to the data at hand was 

selected by testing the null hypothesis which states that the 

coefficients of all interaction terms and square 

specifications in the translog functional forms are equal to 

zero (H0: βij = 0) against alternative hypothesis 

(H1: βij ≠ 0). This test was made based on the value of 

likelihood ratio (LR) statistics which could be computed 

from the log likelihood values of both the Cobb-Douglas 

and Translog functional forms using Equation 12. 

 

𝜆 = −2[𝑙𝑜𝑔𝐿(𝐻0) − 𝑙𝑜𝑔𝐿(𝐻1)] (12) 
 

The 𝜆 value computed by the above formula was 

compared with the upper 5% critical value of the χ2at the 

degree of freedom equals to the difference between the 

number of independent variables used in both functional 

forms (in this case degree of freedom =15). Accordingly, 

the log likelihood functional values of both Cobb-Douglas 

and Translog production functions were -34.84 and -26.32 

respectively. Therefore, the 𝜆  value computed was 17.04 
and this value is lower than the upper 5% critical value of 

𝜒2at 15 degrees of freedom (24.9) (Table 4). As a result, 

the null hypothesis was accepted and the Cobb-Douglas 

functional form best fits the data. 

The second test is to test the null hypothesis that the 

inefficiency component of the total error term is equal to 

zero (γ = 0) and alternative hypothesis that inefficiency 
component different from zero. Thus, the likelihood ratio 

is calculated and compared with the χ2 value at a degree 

of freedom equal to the number of restrictions (the 

inefficiency component) estimated by the full frontier, 

which is 1 in this case for all models.  

As explained in Table 4, one-sided generalized 𝜆 test 

of γ = 0  provide a statistics of 12.2 for wheat production; 

which is significantly higher than the critical value of 

χ2 for the upper 5% at one degree of freedom (3.84). As a 
result, the null hypothesis that states wheat producers in 

the study area are fully efficient is rejected. 

The third hypothesis tested was that all coefficients of 

the inefficiency effect model are simultaneously equal to 

zero (i.e.H0: δ0 =  δ1 = δ2 = ⋯ δ12 = 0) against the 

alternative hypothesis, which states that all parameter 

coefficients of the inefficiency effect model are not 

simultaneously equal to zero. It was also tested in the same 

way by calculating the 𝜆 value using the value of the log 
likelihood function under the stochastic frontier model 

(without explanatory variables of inefficiency effects,  H0) 
and the full frontier model (with variables that are 

supposed to determine efficiency level of each farmer, 

H1). Using the formula in Equation (12), the value 

𝜆 obtained was 77.56, which is higher than the critical 

χ2 value (21.03) at the degree of freedom equal to the 
number of restrictions to be zero (in this case the number 

of coefficients of the inefficiency effect model was 12). 

As a result, the null hypothesis is rejected in favour of the 

alternative hypothesis that explanatory variables 

associated with inefficiency effect model are 

simultaneously not equal to zero.  

 
The MLE of the parametric stochastic production 

frontier 

Given the specification of Translog, the Cobb-Douglas 

stochastic production was tested and found to best fit to 

the data and was used to estimate efficiency of farmers. 

The dependent variable of the estimated production 

function was wheat output (Qt) and the input variables 

used in the analysis were area under wheat (ha), oxen (pair 

of oxen-days), labour (man-days in man-equivalent), 

quantity of seed (kg) and quantity of fertilizer (Kg).  

Land allotted for wheat production and mineral 

fertilizers are found to be statistically significant at 1% 

significance level implying that increasing the level of 

these inputs would increase wheat yield in the study area. 

Mineral fertilizers also appeared to be an important factor, 

with coefficient of 0.353. This implies that a 1% increase 

in mineral fertilizers enhance wheat output by about 

0.35% at ceterius paribus. This result is  in line with the 

empirical results of Fekadu and Bezabih (2008), Tolesa 
et al.(2014), Sisay et al.(2015), Ahmed et al. (2015), 

Mekonnen et al. (2015), Tiruneh and Geta (2016), 

Beshir (2016), Mustefa et al. (2017) and Nigusu (2018). 

The coefficients related with the inputs measure the 

elasticity of output with respect to inputs. The results 

showed that the input variables specified in the model had 

elastic effect on the output of wheat production. The scale 

coefficient calculated was 1.214, indicating increasing 

returns to scale. This implies that there is potential for 

wheat producers to expand their production because they 

are in the stage I production area. This implies that, a 1% 

increase in all inputs proportionally would increase the 

total production of wheat by 1.214%. Therefore, an 

increase in all inputs by 1%would increase wheat output 

by more than 1%.  
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Table 4. Generalized Likelihood Ratio test of hypotheses for parameters of SPF 

Null hypothesis Df 𝜆 Critical value Decision 

Ho: βij = 0 15 17.04 24.9 Accept H0 

Ho: γ = 0
 

1 12.2 3.84 Reject H0 

Ho: δ0 = δ1 = δ2 = ⋯δ12 = 0 12 77.56 21.03 Reject H0 

 

 

Table 5. Estimates of the Cobb Douglas frontier production function 

  MLE  

Variables Parameters Coefficient  Std. Err. 

Intercept β0 0.561  0.560 

Lnseed β1 0.179**  0.076 

Lnland β2 0.481***  0.115 

Lnlabor β3 -0.091  0.098 

Lnfertilizer β4 0.353***  0.075 

Lnoxen β5 0.109  0.094 

Variance parameters:     

𝜎2 = 𝜎𝑣
2 + 𝜎𝑢

2   0.166***  

𝜆 =
𝜎𝑢

𝜎𝑣
   1.451***  

Gamma (γ)   0.678  

Log likelihood   -34.84  

Note: ** and *** refers to 5 and 1% significance level, respectively. 
Source: Model output (2018) 

This result is consistent with the empirical results of 

Beshir (2016) and Assefa (2016) who estimated the 

returns to scale of 1.33 and 1.38% in the study of technical 

efficiency of wheat production in South Wollo and Hadiya 

zone, Ethiopia respectively. 

The diagnostic statistics of inefficiency component 

reveals that sigma squared (σ2) was statistically 

significant which indicates goodness of fit, and the 

correctness of the distributional form assumed for the 

composite error term. The estimated value of Gamma 𝛾  is 
0.6778 which indicates that 67.78% of total variation in 

farm output from the frontier is due to technical 

inefficiency and the remaining 32.22% was due to factors 

beyond the control of farmers. The dual frontier cost 

function derived analytically from the stochastic 

production frontier shown in Table 5 is given by Eq. 13. 

 

𝑙𝑛𝐶𝑖 = 3.47 + 0.07𝑙𝑛𝑤1𝑖 + 0.26𝑙𝑛𝑤2𝑖 + 0.02𝑙𝑛𝑤3𝑖 +
0.23𝑙𝑛𝑤4𝑖 + 0.02𝑙𝑛𝑤5𝑖   + 0.48𝑙𝑛𝑌𝑖

∗ (13) 
 

Where: 𝐶𝑖 is the minimum cost of production of the ith 

farmer, Y∗refers to the index of output 
adjusted for any statistical noise and scale effects and 

wstands for input costs. 

 
Efficiency scores and their distribution 

The mean TE of sample farmers was about 0.78. This 

means that if the average farmer in the sample was to 

achieve the technical efficient level of its most efficient 

counterpart, then the average farmer could realize 17.12% 

derived from (1-0.784/0.946)*100 increase in output by 

improving technical efficiency with existing inputs and 

technology. The average AE of the sample farmers was 

about 0.80. This shows that farmers are not allocatively 

efficient in producing wheat and hence, a producer with 

the mean score of allocative efficiency should have outlay 

saving of about17.19% .Similarly, the mean EE of the 

sample farmers was 0.63 implying there is low level of 

economic efficiency in wheat production in the study area. 

The estimated average efficiency levels of smallholder 

wheat producers in the study area (Table 6) can be 

compared to other efficiency studies made in different 

parts of our country. Consequently, Nigusu (2018) found 

mean TE, AE and EE of 0.79, 0.83 and 0.66 respectively 

for teff producers in Northern Shewa, Ethiopia. In 

addition, Solomon (2012) found mean TE, AE and EE of 

0.79, 0. 47 and 0.37 respectively for wheat seed producer 

farmers in West Gojjam, Ethiopia. 

 

Table 6: Estimated technical, allocative and economic 

efficiency scores 

Types of  

efficiency 

Mean Std.Dev. Min Max. 

TE 0.784 0.090 0.289 0.946 

AE 0.809 0.114 0.343 0.977 

EE 0.635 0.109 0.099 0.911 

Source: Model output (2018) 

 

The distribution of the technical efficiency scores showed 

that about 47.36% of the sample households had technical 

efficiency score of between 80 to 90%. The allocative 

efficiency distribution scores indicated that about27.63% 

of wheat producers operated above 90% efficiency level. 

The distribution of economic efficiency scores implies 

that 36.18% of the household heads have an economic 

efficiency score of 50-60%. This indicates the existence of 

low economic efficiency than technical and allocative 

efficiencies in the production of wheat during the study 

period in the study area (Figure 2). 
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Determinants of efficiency 

A two limit Tobit model was used to identify factors that 

affect efficiency levels among the sampled farmers. In this 

study, the dependent variable is efficiency scores not 

inefficiency. Thus, the marginal effect should be 

interpreted as their effect on efficiency and not 

inefficiency and if one wants to use inefficiency, the sign 

of the marginal effect, has to be changed. 

The finding of the study shows that age affected 

allocative and economic efficiency of the smallholder 

farmers in wheat production positively and significantly at 

10 and 1% significance level, respectively. This implies 

that older farmers were more efficient than younger ones. 

This was probably because older farmers may have better 

experience in farming. Moreover, farmers at older age 

may accumulate good control of resources like oxen, farm 

tools and labour that could boost their efficiency, since in 

crop production, better availability of farm resources 

enhances timely application of inputs that increase 

efficiency of the farmer (Kitila and Alemu, 

2014).Furthermore, the computed marginal effect of age 

of the household head showed that, a one year increase in 

the age of the household head would increase the 

probability of the farmer being allocative efficient by 

about 0.13% and the mean value of allocative and 

economic efficiency by 0.12 and 0.14% with an overall 

increase in the probability and the level of allocative and 

economic efficiencies by 0.14 and 0.14%, respectively 
(Table 8). This result is in line with the findings of Ali et 

al. (2012), Kitila and Alemu (2014) and Alemu and 

Haji (2016). 

The coefficient for sex of the household head was 

significant and positively affected technical and economic 

efficiencies of farmers at 1% significance level, as it was 

expected (Table 7). It indicated male headed households 

operating more efficiently than their female counterparts. 

This result is in line with the findings of Tiruneh and 

Geta (2016) and Meftu (2016). As expected, educational 

level of the household head had a positive and significant 

effect on TE, and AE at 5% and EE of wheat production 

at 1% level of significance. This is because education can 

increase their information gaining and adjustment 

abilities, thereby- increasing their decision making 

capacity. In line with this study, research done by 
Solomon (2012), Ahmed et al. ( 2013), Sisay et al. (2015) 

and Ahmed et al. (2015)explains that the more educated 

the farmer, the more technically, allocative and 

economically efficient s/he becomes. 

Soil fertility was positively and significantly affected 

technical and economic efficiencies at 1 and 5% level of 

significance, respectively (Table 7). This implies that 

farmers who have allocated fertile land for wheat 

production were more technically and economically 

efficient than their counterparts. This result is consistent 

with the empirical findings of (Fekadu and Bezabih, 
2008; Awol, 2014; Mekonnen et al., 2015; Assefa, 

2016). Frequency of extension contact had significant and 

positive effect on technical efficiency at 5%, allocative 

and economic efficiencies at 1% significance level, 

respectively. This indicates households who receive more 

extension contacts by extension workers appear to be more 

efficient than their counterparts. This result is similar with 
the findings of Ahmed et al. (2013), Kitila and Alemu 

(2014), Sisay et al. (2015) and Nigusu (2018). 

The coefficient of participation in off/non-farm 

activity was positive and significant for technical and 

economic efficiency at 1% whereas allocative efficiency 

at 5% significance level (Table 7). This effect is may be 

due to the income obtained from such activities could be 

used for the purchase of agricultural inputs, and it shifts 

the cash constraint outwards and enables farmers to make 

timely purchase of those inputs which they cannot provide 

from on farm income. This result is in line with the 

empirical findings of Haji (2008), Solomon (2012) and 

Kitila and Alemu (2014). The coefficient of land 

fragmentation for technical efficiency is negative and 

statistically significant at 10% significance level as it was 

expected. The result confirms the expectation, because 

fragmented land leads to reduce efficiency by creating 

lack of family labour, wastage of time and other resources 

that would have been available at the same time. This 

result is in line with the empirical results of Assefa (2016) 
and Mustefa et al. (2017). 

 

 

 
Figure2. Frequency distribution of technical, allocative and economic efficiencies scores 
Source: Computed based on model results 
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Table 7: Tobit regression results of determinants of technical, allocative and economic efficiency  

Variable TE AE EE 

 Coefficient  Std.Err Coefficient  Std.Err Coefficient Std.Err 

Constant 0.6402*** 0.0461 0.5994*** 0.0611 0.3656*** 0.0423 

AGEHH 0.0007   0.0006 0.0015* 0.0008 0.0014*** 0.0005 

SEXHH 0.0821*** 0.0148 -0.0127 0.0196 0.0516*** 0.0136 

EDUCLHH 0.0048** 0.0022 0.0068** 0.0029 0.0088*** 0.0020 

FOEC 0.0053** 0.0027 0.0166*** 0.0035 0.0171*** 0.0024 

PONFAC 0.0472*** 0.0136 0.0375** 0.0181 0.0648*** 0.0125 

SOILFERT 0.0375*** 0.0137 0.0028 0.0182 0.0252** 0.0126 

LANDFR -0.0135* 0.0070 -0.0008 0.0093 -0.0082 0.0064 

Note: *,** and *** refers to level of significance at 10, 5 and 1% respectively. 
Source: Model output (2018) 
 

 

CONCLUSION AND RECOMMENDATIONS 

 

Result of the production function indicated that seed, land 

and mineral fertilizers were the significant inputs, with 

positive sign as expected. Among the three significant 

inputs, mineral fertilizers and land under wheat production 

had significant and positive influence on wheat production 

at less than 1% level of significance. This depicts that 

farmers who allocated more land for wheat production and 

those who applies more amount of mineral fertilizers 

receive higher wheat yields. The coefficients related with 

the inputs measure the elasticity of output with respect to 

inputs. The results showed that the input variables 

specified in the model had elastic effect on the output of 

wheat production. The coefficient calculated was 1.214, 

indicating increasing returns to scale. This implies that, an 

increase in all inputs by 1% would increase wheat output 

by more than 1% in the study area. 

The estimated mean values of technical, allocative 

and economic efficiency levels were 78, 80 and 63%, 

respectively. This implied that there is an opportunity for 

wheat producers to increase wheat output at existing levels 

of inputs and minimize cost without compromising yield 

with present technologies available in the hands of 

producers. 

Education, extension and participation in off/non-

farm activity had positive and significant effect on 

technical, allocative and economic efficiencies. This 

shows that more educated farmers, the more farmers have 

contact with extension agent and farmers participating in 

off/non-farm activities were more technically, allocatively 

and economically efficient than their counterparts 

respectively. In addition, as it was expected sex and soil 

fertility had positive and significant effect on technical and 

economic efficiencies, implying that male headed 

households, household heads who allocate fertile land for 

wheat production were more technically and economically 

efficient than their counterparts, respectively. Similarly, 

age had a positive and significant effect on allocative and 

economic efficiencies, which implies that older household 

heads were more efficient than their counterparts. 

Moreover, land fragmentation had negative and 

significant impact on technical efficiency.  

Based on the results of the study, the following policy 

recommendations have been drawn. First, using best 

practices of the efficient farmers as a point of reference 

would help setting targets in improving efficiency levels 

and finding the weakness of the present farm practices. 

The relatively efficient farms can also improve their 

efficiency more through learning the best resource 

allocation decision from others. This can be achieved by 

arranging field days, cross-visits, creating forum for 

experience sharing with elder households and on job 

trainings. 

Age showed a positive and significant effect on 

efficiency. Therefore different mechanisms should be 

devised to encourage farmers with little experience to 

work with the experienced ones or train them. The results 

of the study also shows, as female household heads were 

less efficient than male household heads. Thus, provision 

of  improved technologies that can help female farmers in 

decreasing their home burden and this would in turn help 

them to improve their efficiency level in wheat production 

have to be practiced in the study area. 

In the study area, education of household heads had 

positive and significant effect on technical, allocative and 

economic efficiencies. Hence, the key policy implication 

is that appropriate policy should be designed to provide 

adequate and effective basic educational opportunities for 

farmers in the study area. Extension contact has positive 

and significant effect on technical, allocative and 

economic efficiencies in the study area. Therefore, 

suitable and sufficient extension services should be 

provided for wheat producers. The study also found that, 

participation in off/non-farm activity had a positive and 

significant effect on technical, allocative and economic 

efficiencies. Therefore, strategies that enhance the ease 

use of off/non-farm employment opportunities would help 

to increase the timely and appropriate use of inputs for 

better efficiency in wheat production in the study area. 

Moreover, technical and economic efficiency were 

positively and significantly affected by soil fertility. 

Therefore, improvement of the soil status by applying 

organic manures and practicing different soil conservation 

techniques should have to done by farmers.  
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Table 8. The marginal effects of change in explanatory variables 

Variables Marginal effects (TE) Marginal effects (AE) Marginal effects (EE) 

 ∂E(y)

∂xj
 

∂E(y∗)

∂xj
 

∂[(φ(ZU) − φ(ZL)]

∂xj
 

∂E(y)

∂xj
 

∂E(y∗)

∂xj
 

∂[(φ(ZU) − φ(ZL)]

∂xj
 

∂E(y)

∂xj
 

∂E(y∗)

∂xj
 

∂[(φ(ZU) − φ(ZL)]

∂xj
 

AGEHH 0.00069 0.00065 0.00028 0.00143 0.00125 0.00129 0.00145 0.00145 0.00000 

SEXHH 0.08161 0.07870 0.02020 -0.01222 -0.01062 -0.01182 0.05157 0.05157 0.00002 

EDUCLHH 0.00470 0.00444 0.00193 0.00659 0.00577 0.00593 0.00879 0.00879 0.00000 

FOEC 0.00520 0.00491 0.00213 0.01600 0.01401 0.01441 0.01709 0.01709 0.00001 

PONFAC 0.04681 0.04459 0.01577 0.03628 0.03215 0.02901 0.06484 0.06483 0.00004 

SOILFERT 0.03722 0.03550 0.01194 0.00271 0.00237 0.00241 0.02524 0.02524 0.00001 

LANDFR -0.01333 -0.01257 -0.00546 -0.00078 -0.00069 -0.00071 -0.00817 -0.00816 -0.00000 

 

Note: Marginal effects are computed only for significant variables and values under column  
∂E(y)

∂xj
  shows (Total change), 

∂E(y∗)

∂xj
  shows (Expected change) and   

∂[(φ(ZU)−φ(ZL)]

∂xj
    

shows (change in probability).  

Source: Model result 
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