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ABSTRACT 
 

Despite the research and extension efforts to intensify and improve tef farming, its productivity has remained low. Tef 

productivity is not only inevitably influenced by intensification but also by improving technical efficiencies. This study 

aimed at estimating technical efficiency, output gap and identifying determinants using production technology and 

inefficiency effects model. A one-step maximum likelihood estimation was used to analyze the data collected from 404 

sample households operated 1038 tef plots. The results showed that technical inefficiency effects are present and contain 

a significant random component in tef farming. It was found that 38% of the variability in average tef output was because 

of technical inefficiency. A significant variation of technical efficiency scores  were present among farmers, ranges 

from 15.4% to 95.3% with the average technical efficiency of 81.6% implies that there is a room (18.4%) to increase 

tef output by improving the technical efficiency of tef famers without having additional inputs. The output gap because 

of technical inefficiencies on average was 295 kg/ha. Socioeconomic variables such as livestock holding, attending tef 

demonstration field days, farming structure and use of improved varieties were found to affect technical efficiency 

positively. These findings imply that any effort to influence policy and strategy on tef farming require to focus on these 

determinant factors.  
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INTRODUCTION 

 

Tef [Eragrostis tef (Zucc). Trotter] is a small sized 

grain cereal and has been grown as the main staple food in 

Ethiopia. Ethiopia is believed to be both the center of origin 

and diversity of tef. Tef plays a great role in Ethiopian’s 

food security and livelihoods of rural households. Its flour 

is the most proffered for injera (Ethiopians’ thin bread) 

making quality and durability to other cereals and hence 

greatly valued and highly demanded both by producers and 

growing consumers (Chondie and Bekele, 2017). Now a 

day, tef straw is considered economically equally important 

as its grain for sale as a local construction material 

(plastering mud) besides its use of feed for cattle. Tef area, 

production and productivity have been increasing to meet 

the growing demand for both local and foreign (informal) 

markets. According to CSA (2018), out of the cereal crops, 

tef is ranked first which occupied 3,023,283.5 hectares 

(29.5%) of land followed by maize and second in total 

production with a volume of 5,283,401.2 tons (19.7%) of 

total production proceeded by maize, and its productivity 

reached to 1.75 tons per hectare.  

The Ethiopian government and other stakeholders of 

agriculture have made several efforts to intensify and 

improve the productivity of tef farming through research 

and development. For tef, this has focused on generation of 

improved tef varieties, delivery of complementary inputs 

and development of infrastructures (roads and markets), 

and provision of extension services such as offering 

training and organizing demonstration field days on 

improved agronomic practices. In view of this, 42 

improved tef varieties have been released with their 

associated recommended agronomic practices through the 

national agricultural research systems (NARS), out of 

which about 37 varieties were reported as  they are found 

under production (MoALR, 2017). Despite all these efforts, 

the yield of tef has remained low and food security 

continues to be a serious challenge to Ethiopia.  

Scholars argued that area expansion and technology 

use improve production and productivity of crops (Beyan 

et al., 2013). Ever-rising of human population has made 

farm lands very fragmented and makes further area 

expansion difficult. Technology generation, purchasing of 

external inputs and dissemination requires huge investment 

and time and  hence reaching more farmers at the same time
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is almost impossible. Consequently, different scholars in 

the production economics argued that productivity can be 

enhanced by improving the technical efficiency of farmers 

(Shumet, 2012). Previous efficiency studies unveiled that 

agricultural production under improved technologies 

involves considerable inefficiencies (Alene and Zeller, 

2005), and results in yield gaps (Tadele et al., 2018; 

Wudineh and Endrias, 2017). Technical efficiency is 

defined as the ratio of observed output to maximum 

potential output obtainable from the given input and 

technology that defines a frontier (Lovell, 1993).  It also 

refers to the ability of producers to use factors of 

production effectively by producing output as factor usage 

allows, or by using as little factor as output production 

allows (Ellis, 1993). There are other forms of efficiencies 

called allocative and economic efficiency. Allocative is 

defined as the ability of producers to combine inputs and 

outputs in optimal proportion in the light of prevailing 

prices; but economic efficiency is the product of technical 

and allocative efficiencies (Coelli et al., 2005).   

Improving the technical efficiency of farmers will lead 

to increased productivity and production which will in turn 

lead to increased food supply as a whole and income of the 

farmers (Tadele et al., 2018). This requires prior estimation 

of efficiency levels and identifying its influencing factors. 

However, there have been very limited empirical studies 

carried out to estimate the level of technical inefficiencies 

and assess the determinant factors for main crops including 

tef. Also, crop intensification has been increasing, it is vital 

to update the information based on the current use of inputs 

and technologies. Moreover, to the best of the authors’ 

knowledge no technical efficiency studies have been 

conducted in the study area and estimated output gap due 

to inefficiency. Therefore, this study aims at estimating 

technical efficiency levels, output gaps and identifying 

factors influencing technical inefficiency of smallholder tef 

farmers at a plot level. 

 

MATERIALS AND METHODS 

 

Data Sources and study area 

The data used for this study is obtained from the farm 

household survey carried out by the Agricultural 

economics research division of Holeta agricultural research 

center through the adoption of improved technologies 

project. The data was collected during 2016 with a purpose 

of improved tef adoption and impact analysis. The survey 

questionnaire was carefully designed and pre-tested. Based 

on the feedback from the pre-test, it was revised and filled 

with well-trained enumerators. Pertinent data collected 

from the sample households include household 

demographics, input use, asset ownership and access to 

extension and financial services. Zones and districts were 

purposively selected based on high production potential 

sourced from CSA, and kebeles and smallholder farmers 

were randomly selected. About 408 farm households were 

drawn from five kebeles of Dejen and Shebel Berenta 

districts from east Gojam zone of Amhara region and Dendi 

district from west Shewa zone of Oromia region. However, 

this study used the data collected from 404 households 

operated 1038 plots excluding four households who were 

not planting tef during the survey period (Table 1). 

Data analysis 

Both descriptive and inferential statistics were used. 

Descriptive statistics such as means, standard deviations, 

percentages and frequency counts were used in describing 

socioeconomic characteristics of households, inputs, 

output variables and frequency distribution efficiency 

levels. A stochastic frontier analysis with one step approach 

was employed in which both production technology and 

technical inefficiency effects are estimated simultaneously 

using the econometric STATA 14.2 version software 

computer program.  

 

Analytical framework  

Progresses in efficiency literature have led to the 

development of various approaches of measuring 

efficiency. The two most widely used approaches to 

estimate the efficiency of decision-making units are non-

parametric (Data Envelopment Analysis/DEA) and 

Parametric (Stochastic Frontier Analysis/SFA). There has 

been a debate over these approaches and researchers tend 

to have their own preferences over which approach to apply 

for efficiency measures. The main divergence between the 

two approaches is that SFA takes into accounts the 

composite error term, comprises the white noise and the 

inefficiencies whereas DEA attributes all deviations from 

the frontier to inefficiency (Krumbhakar and Lovell, 2004). 

Following the seminal work of Aigner et al. (1977), SFA 

was adopted because of its advantages for considering dual 

error terms over DEA. The stochastic frontier production 

can be usually specified as:   

 

𝑌𝑖 = exp(𝑋𝑖𝛽 + φ𝑖 )                                                      (1) 

 

With Y = output (dependent variable), i= 1, 2, - - - n 

(number of observation), X= be a vector of input variables 

that affect the frontier (maximal) level of output, and are 

assumed to be within the effective control of the producer 

and𝛽𝑠 are unknown parameters (associated with input 

variables) to be estimated,φ𝑖  =Vi –Ui = composite error 

term, Vi = stands for random external factors like weather 

conditions and measurement error, Ui = denotes non-

negative  random variable connected to technical 

inefficiency (in decision-making).  

SFA requires assuming a specific functional form that 

influences the input-output relation. In the literature, Cobb-

Douglas (CD) and Translog (TL) are the most commonly 

used functional forms in econometric stochastic frontier 

analysis.  These two functional forms are represented by a 

stochastic production function specified as:  

 

𝑙𝑛𝑌𝑖 = 𝛽0 + ∑ 𝛽𝑖𝑙𝑛𝑋𝑖
𝐾
𝑖=1 + (𝑉𝑖−𝑈𝑖) (Cobb-Douglas)     (2)    

                                       

𝑙𝑛𝑌𝑖 = 𝛽0 + ∑ 𝛽𝑖𝑙𝑛𝑋𝑖
𝐾
𝑖=1 +

1

2
∑ ∑ 𝛽𝑗

𝐾
𝑗=1

𝐾
𝑖=1 (𝑙𝑛𝑋𝑖)(𝑙𝑛𝑋𝑗) +

(𝑉𝑖−𝑈𝑖)(Translog)                                                          (3) 

 

From these production functions, technical efficiency can 

be presented as the ratio of the observed output to the 

frontier output given the state of available technology, and 

specified as: 

 

TEi =
Yi

Yi
∗ =

F(Xi;β).exp(Vi−Ui)

F(Xi;β).exp(Vi)
= exp(−Ui)                        (4) 
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Table 1: Distribution of sample households  

Region Zone Districts No of Sample households    
Kebeles Male Female Total % 

Amhara East Gojam Shebel Berenta 5 124 13 137 34 

Dejen 5 134 12 146 36 

Oromia West Shewa Dendi 5 114 7 121 30 

Total 15 372 32 404 100 

Source: Own summary from tef adoption survey dataset, 2016. 

 

Where F(Xi;β).exp(Vi-Ui) is the observed output (Yi)  and 

F(Xi;β).exp(Vi) is the frontier output(Yi
*), Vi and Ui error 

terms are already defined, thus Vi and Ui are assumed to be 

identically, independently and normally distributed with 

mean zero and constant variance ( i.e., Vi ~N(0,𝜎𝑣
2) and Ui 

~N (0,𝜎𝑢
2)). Given that Ui is a non-negative random 

variable, the value of technical efficiencies found to rest 

between zero and one.  

 

The technical inefficiency effects model recommended by 

Battese and Coelli (1995) is described as: 

 

 𝑈𝑖 = 𝛿0 +∑ 𝑍𝑖𝑗
𝐽
𝑗=1 𝛿𝑗 +𝑊𝑖                                             (5)  

 

With Zij is a vector of exogenous explanatory variables that 

affect the deviation of output from the frontier, δ0 is an 

intercept, δi is a vector of unknown parameter to be 

estimated and Wi are unobservable random variables 

assumed to be independently and identically distributed 

with zero mean and constant variance. This study also 

employed a one-step maximum likelihood estimation 

(MLE) method in estimating the production technology 

and inefficiency effects simultaneously. This estimation 

procedure guarantees that the assumption of independent 

distribution of the inefficiency error term is not violated. 

The MLE of the stochastic frontier model yields the 

estimate for beta (β), sigma squared (σ2) and gamma (γ), 

and are variance parameters. The parameterization 

following Battese and Coelli (1995) is given as,𝜎𝑠
2 = 𝜎𝑣

2 +

𝜎𝑢
2 and )(

222

uvu  += , where the gamma lies 

between zero and one (0 ≤ γ ≤ 1). Greene and Misra (2003) 

illustrated the log-likelihood function (ℓ) of CD and TL 

functions as: 

 

𝑙𝑛ℓ = −
𝑁

2
〈𝑙𝑛 (

𝜋

2
) + 𝑙𝑛𝜎𝑠

2〉 + ∑ 𝑙𝑛 [1 −𝑁
𝑖=1

Φ(
𝜀𝑖√𝛾

𝜎𝑠
2 √

𝛾

1−𝛾
)] −

1

2𝜎𝑠
2∑ 휀𝑖

2𝑁
𝑖=1                                           (6) 

 

With εi =lnXiβ – δk lnZik is the residual of Cobb-Douglas 

equation, N= number of observations (tef plots), Φ(. ) is 

the standard normal distribution. Minimizing this equation 

(5) with respect to the parameters β, 𝜎𝑠
2,δ and solving 

partial derivatives yields maximum likelihood estimates.  

As noted before, the selection of functional form takes 

a series of implications in the values of efficiency estimates 

and elasticity of inputs. The adequacy of the functional 

form need to be tested before the actual analysis is done 

using a formal test approach. The most widely used test is 

the generalized likelihood ratio test described as: 

LR(λ)=-2[{lnL(H0)}-{lnL(H1)}] ~𝜒(n)2                         (7)  

 

Where L(H0) and L(H1) are the values of the likelihood 

estimated from restricted (null) and unrestricted 

(alternative) hypothesis, respectively with n number of 

restrictions, referred to as degrees of freedom. Since the LR 

statistic has mixed chi-square distribution because of both 

equality and inequality constraints, table 1 of Kodde and 

Palm (1986) is used. The second type of test is the 

hypothesis that no technical inefficiency effects in the 

model and finally the hypothesis that no socioeconomic 

variables that influence inefficiency are absent in the model 

be tested against the alternatives. 

 

Empirical Model  

After testing equations (2) and (3), the CD production 

function was found to be an adequate representation of the 

dataset, given the specifications of the TL frontier function. 

Following Aigner et al. (1977), the combined CD 

production technology and inefficiency model to be 

estimated simultaneously can be specified as:  

 

𝑙𝑛𝑌𝑖 = 𝛽0 + ∑ 𝛽𝑖𝑙𝑛𝑋𝑖
6
𝑖=1 +Vi-[𝛿0 + ∑ 𝑍𝑖𝑗

𝐽
𝑗=1 𝛿𝑗 +𝑊𝑖]   (8)      

 

Where, i=1,2,- - -  n=1038, j= 1, 2, --- J=12, and X= vector 

of six input variables, and Z= vector of exogenous 

environmental (socioeconomic) variables. 

The details of the above model for estimating the stochastic 

frontier and inefficiency effects of tef producers can be 

specified as:  

 

lnYi = β0 + β1lnX1i + β2 lnX2i + β3lnX3i + β4lnX4i + β5lnX5i 

+ β6lnX6i +vi –  [δ0 + (δZ)1 + (δZ)2 +  (δZ)3 +      (δZ)4 +     (δZ)5 

+      (δZ)6 +  (δZ)7 +(δZ)8 +   (δZ)9 +(δZ)10 +(δZ)11 + (δZ)12 + 

Wi]                                           (9)                                                                                                                                                                           

 

Description of variables  

The variables are included based on the text review of 

previous studies. Since production function/technology is 

the physical relationships of inputs and output, the 

dependent variable is tef output measured in kilograms 

(kg), the input variables represented by X vector (X1 = plot 

area in ha, X2 = fertilizers include urea, DAP and NPS 

measured in kg, X3 = seed in Kg, X4 = oxen days, X5 = total 

labor include family and hired labor used to perform all 

farm activities measured in man days and X6 = protection 

chemicals measured in liter. The second group of variables 

are household and plot specific characteristics included in 

the inefficiency effects model are: Z1 = age of the HH in 

years, Z2 = sex of the household head (HH) (1=male, 0 

otherwise), Z3 = education level of the HH in years of 

school completed, Z4 = family size in number, Z5 = 

membership of the HH in any organization/association 

(1=yes, 0=no), Z6 = livestock holding in TLU, Z7 = mobile 

phone ownership (1=yes, 0=no), Z8 = credit access (1=yes, 

0=no), Z9 = attending tef demonstration field days in the 

last three years (1=yes, 0=no), Z10 = being a model farmer 

(1=yes, 0=no), Z11 = tef varieties used (1= improved, 0= 
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local), Z12 = study location dummy (1= Amhara, 0= 

Oromia). 

 

RESULTS AND DISCUSSION 

 

Descriptive Statistics of Variables   

Table 2 presents the results of descriptive statistics for 

both input-output and socioeconomic variables used in the 

stochastic frontier and inefficiency model. The sample 

farmers produced 1308 kg/ha of tef grain using 0.43 ha of 

land, 236.6 Kg/ha of inorganic fertilizers, 19.9 Kg/ha of 

seed, 18.3 oxen days per ha, 136.3 man-days of labor per 

ha and 0.335 liter/ha of protection chemicals.    

 

Results of Econometric Analysis  

The absolute values of the logarithm of the likelihood 

function for the CD and TL were found to be 547.7 and 

533.2 respectively. As a result, the generalized likelihood 

ratio test statistics calculated to be 29, which is less than 

the critical Chi-Square distribution of 32.07 from table 1 of 

Kodde and Palm (1986) at 21 degrees of freedom and 5% 

of level of significance. Thus, the hypothesis that TL can 

be reduced to CD is accepted. The hypothesis that technical 

inefficiency effects and variables that influence 

inefficiency are absent in the model is rejected (Table 3).   

 

Estimates of input variables 

Table 4 presents the results of MLEs of the parameters 

of the stochastic frontier function and inefficiency effects 

model. The result shows that coefficients of tef area, 

amount of fertilizers and oxen days were found positive at 

1% significant level. It was found that the tef production 

frontier exhibited decreasing returns to scale (0.734) 

indicating that the proportionate increase in variable inputs 

leads in less proportionate increase in output. The 

inefficiency model variance (γ) was estimated to be 0.382 

implying that more than 38% of the variability in average 

output in tef farming in the study area was due to technical 

inefficiency while the rest was attributable to external 

factors.  

 

Sources of technical inefficiency 

About 12 household background, resource endowment 

and institutional variables were hypothesized to affect the 

level of technical inefficiency of tef farmers. Nine variables 

were found to have a negative coefficient as a priori 

expectation (Table 4) out of which four variables were 

found significantly to affect technical inefficiency of tef 

farmers. Livestock holding is a proxy variable for resource 

endowment and usually hypothesized to enhance technical 

efficiency of farmers particularly in the traditional farming 

practices. Consequently, livestock holding was found to 

affect the technical efficiency of tef farmers positively at 

1% significant level. Livestock has served as sources of 

draft power, organic fertilizers and cash for input 

purchases. This finding is in line with the findings of 

Tadele et al. (2018).  

Attending tef demonstration fields is a proxy for 

extension services and hypothesized to enhance the use of 

improved agricultural technologies thereby facilitating 

technical efficiency of smallholder farmers. The coefficient 

of attending field days was found to be negative at 10% 

significance level. The result is consistent with the findings 

of Wudineh and Endrias (2017). The result also indicates 

that the use of improved tef varieties was found to affect 

technical efficiency of farmers positively at 10% 

significance level. The result is consistent with the findings 

of Tadele et al. (2018). The study location is a proxy for 

farming structure such as specialization and diversification 

and hypothesized to affect technical inefficiency with 

mixed effects. The  coefficient of study location was found 

to be negative and significant at 1% significant level. This 

might be due to the fact that farmers in Shebel Berenta and 

Dejen districts of Amhara region are more specialized in tef 

production than farmers in Denedi district of Oromia 

region.  According  to  Czyżewski   and  Smędzik-Ambroży
 

Table 2: Results of descriptive analysis for the variables used in the model  

Production variables  Units average Std. Deviation Ranges 

Yield Kilogram per hectare 

(Kg/ha) 

1308.5 582.2 200-3600 

Area ha 0.43 0.36 0.02-2.75 

Fertilizers (DAP/NPS+Urea) Kg/ha 236.6 124.9 0-400 

Seed Kg/ha 19.9 9.37 3-36.8 

Oxen-days days/ha 18.3 6.5 10-44 

Labor MDS/ha 136.3 69.0 50-291.2 

Protection chemicals Liter/ha 0.335 0.70 0-4.3 

Efficiency variables 

Continuous variables  

Age of HH head years 45 12 20-80 

Education years 3.3 3.3 0-12 

Family size number 5.6 2 1-13 

Livestock TLU 5.06 3.9 0-20.7 

Discrete variables labels percent 

Sex of HH head (1=male, 0= female) 93 

Membership to any organization (1=yes, 0=no) 66 

Mobil holding (1=yes, 0=no) 53 

Credit access (reliable sources) (1=yes, 0=no) 66 

Attending tef demo field days (last 3 years) (1=yes, 0=no) 61 

Being Model   (1=yes, 0=no) 61 

Tef varieties used  (1=improved, 0=local) 74 

Study location  (1=Amhara, 0=Oromia) 68 

Source: Results of own computation, 2016. 
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Fig. 1: Distribution of efficiency scores by households; Source: 

Results of own computation, 2016. 

 
Table 3: Maximum likelihood estimates production technology 

and of inefficiency effects model  

Variable Coefficient Standard 

error 

P-

value 

Constant (β0) 7.305*** .172 0.000 

Ln (Area) .760*** .044 0.000 

Ln (Fertilizers) .034*** .011 0.002 

Ln (Seed) -.026 .024 0.280 

Ln (Oxen days) .123*** .044 0.005 

Ln (Labor) -.156*** .032 0.000 

Ln (cost of chemicals) -.001 .004 0.795 

Inefficiency model  

Constant (δ0) -2.087*** .102 0.000 

Age .002 .010 0.878 

Sex .811 .538 0.131 

Education -.003 .036 0.930 

Family size -.025 .058 0.664 

Membership -.285 .244 0.242 

Livestock holding -.147*** .052 0.005 

Mobile ownership .003 .253 0.989 

Credit access -.174 .256 0.495 

Attend tef demonstration 

field days 

-.461* .262 0.079 

Being model farmer -.283 .240 0.239 

Tef variety  -.469* .264 0.075 

Study location -1.615*** .374 0.000 

 γ = [2/(2+1)] 0.382   

Log likelihood -547.7   

Returns to scale (DRS) 0.734   

*,**,& *** show significant at 10%, 5% & 1% respectively. 

Source: A one step efficiency model result, 2016. 

 
Table 5: Descriptive result of technical efficiency and average 

output gap  

Study location Obser-

vation 

Mean Std. 

Dev 

Min Max 

Oromia 335 0.751 0.148 0.154 0.947 

Amhara 703 0.848 0.083 0.280 0.953 

Total 1038 0.816 0.116 0.154 0.953 

Observed output  

(kg/ha) 

1308.5 

Frontier output 

(potential) (kg/ha) 

1603.6 

Output gap (kg/ha) 295 

Source: Results of own computation. 

(2015), specialization helps to make use of scale economies 

and farmers have better chances to make their skill superior 

but adversely affect the quality of farming environment. 

This study is consistent with the findings of Tadele et al. 

(2018) found variation in technical efficiency scores of 

wheat farmers across regions; wheat farmers in Oromia 

region were found more efficient than wheat farmers of 

Amhara, SNNP and Tigray.     

 

Technical efficiency scores and yield gap 

Table 5 and figure1 present the ranges of technical 

efficiency scores of tef producing farmers. The mean 

technical efficiency of tef producing farmers was found to 

be 0.751, 0.848 and 0.816 for Oromia, Amhara and overall 

sample average, respectively. This implies that there is an 

opportunity to improve the technical efficiency of tef 

producers by 25%, 15% and 18.4% for Oromia, Amhara 

and overall sample, respectively. The average tef output 

was found to be 1308.5 kg/ha with the overall mean 

technical efficiency of 81.6%, and the frontier tef output 

was estimated to be 1603.6 kg/ha, if an average tef producer 

had used the inputs at his/her hand and available 

technology efficiently. Thus, the yield gap due to 

inefficiency was found to be 295 kg/ha, implying that an 

average farmer can increase tef output or saves the waste of 

inputs. The findings are in line with the findings of Tadele 

et al. (2018) and Wudineh and Endrias (2017) found a 

substantial amount of yield gap of wheat and barley 

producers, respectively. The study identified a wider gap of 

efficiency scores among tef producers. The scores found 

within the range of 15.4 to 95.3 percent. The majority 

(51%) and (27%) of sample farmers had scores between 81 

to 90 percent, and 51 to 80 percent, respectively. The 

findings suggest that there is a room for improving the 

technical efficiency of farmers through intervening on 

identified determinants. 

 

Conclusions 

The study results showed that technical inefficiency 

effects are present and contain a significant random 

component in tef production. It was found that more than 

38% of the variability in average tef output was because of 

technical inefficiency. A significant variation of technical 

efficiency scores are present among farmers which ranges 

from 15.4% to 95.3% with the average technical efficiency 

of 81.6% implying that there is a room (18.4%) to increase 

tef yield by improving the technical efficiency of tef 

producing farmers without having additional inputs. 

Otherwise, on average 295 kg/ha of tef output has been lost 

due to technical inefficiencies. The result showed that there 

are decreasing returns to scale, implying that proportionate 

increase in inputs results in a less proportionate increase in 

tef output. Livestock holding, attending field days, 

production structure and use of improved varieties are 

found important in reducing technical inefficiencies. These 

findings imply that any effort to persuade policy and 

strategy on tef farming require to focus on these 

determinant factors. 
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