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Abstract 
Agriculture remains to be the most important sector of the Ethiopian economy with increasing 

population pressure and low level of productivity, which aggravates the food insecurity situation by 

widening the gap between demand for and supply of food. Increasing productivity and efficiency of 

crop production in general and teff, in particular, could be taken an important step towards 

attaining food security. This study was aimed at estimating the level of technical, allocative and 

economic efficiencies of smallholder teff producers; and to identify factors affecting the efficiency of 

smallholder farmers in teff production in Libo Kemkem woreda, Amhara National Regional State, 

Ethiopia. To achieve the objectives as well as to answer the preliminary research questions the 

study was conducted on primary cross-sectional data which was collected from 155 sample farmers 

in the 2020/21 production year. Both primary and secondary data sources were used with 

descriptive and econometrics methods of analysis for this study. Cobb-Douglas production function 

was fitted using stochastic production frontier approach to estimate technical, allocative and 

economic efficiencies levels, whereas two limit Tobit model was employed to identify factors 

affecting efficiency levels of the sampled farmers.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 teff output. The estimated mean values of technical, allocative and economic 

efficiencies were 70, 50 and 35.47% respectively, which indicate the presence of inefficiency in teff 

production in the study area. A two-limit Tobit model result indicated that technical inefficiency is 

negatively and significantly influenced by the sex of the household head, education, input access, 

live stock size and fertility of the teff plot but positively and significantly affected by family size. 

Similarly, education and credit access affects negatively where as plot distance to home positively 

and significantly affected allocative inefficiency. In addition, economic inefficiency is negatively 

and significantly affected by education, input access, live stock size and fertility of the teff plot. The 

result indicated as there is room to increase the efficiency of teff producers in the study area. The 

result of the study suggested that the need for expansion of education, timely supply of inputs, credit 

access and strengthening soil conservation practices in the study areato improve the production 

efficiency of teff farms. 

.Keywords: Teff Production, Economic Efficiency, Cobb-Douglas,  Tobit, Smallholder Farmers 
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Chapter 1 

1. INTRODUCTION 

1.1 Background of the Study 

Agriculture in Ethiopia is the foundation of the country’s economy and it is agrarian which 

accounts for about 35% of gross domestic product, over 80% of the country’s exports, and 65% 

of the total employment (CSA, 2018). The agriculture production system in Ethiopia is mainly 

rain-fed, subsistence and traditional, which is characterized by low input of improved seeds, 

fertilizers, pesticides and technologies (Musa, 2013). Most agricultural holders derive the food 

they consume and therefore the money they demand to fulfil their daily expenses from 

agricultural activities (CSA, 2016).  

Increasing agricultural production is vital for enhancing the development of agriculture, 

ensuring food security, providing inputs for industrial sector, stimulating export earnings, GDP 

and getting better income and living condition of the people (Tolosa, 2018). However, the 

farmers with identical resources produce different per hectare yield, due to the presence of 

inefficiency (FAO and WFP, 2012). Hence, being an agriculturally dependent country with a 

food deficit gap, increasing crop production and productivity is not a matter of choice rather a 

must to attain food self-sufficiency. 

 

Cereals are the major food crops both in terms of the area coverage and volume of production 

and accounts for 95 percent of agricultural production in Ethiopia and contributed 87.48 

percent of the grain production (CSA, 2018). Of them, Teff (Eragrostis tef), is a warm-season 

annual cereal, is one of the underutilized crops that can contribute to food security and crop 

diversification. Teff contains high and unique nutritional values, which will meet the need of 

health-conscious consumers (Mekuriaw, 2020). It is endemic to Ethiopia and has been widely 

cultivated for centuries and the most important economic crop cultivated by 43 percent of small 

holder farmers in Ethiopia (Assefa et al., 2020). The cultivation of Teff in Ethiopia has partly 

been motivated by its relative merits over other cereals in the use of both the grain and straw 

(Yimer, 2017) 
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Teff is the most value-added crops compared to other cereal crops. Following the imposing ban 

on raw teff grain export; selling of processed teff product is started to rise at national and global 

level as well as benefited many stakeholders involved in the process. Currently; Ethiopian 

pancake (injera) is found for sale in domestic and international market (Asmiro et al.,2019). So, 

it is the staple economy and daily life of Ethiopia, yet improvements in its cultivation have 

delayed when compared with maize and other crops. 

 

 CSA (2018) report shows that in Ethiopia teff is cultivated on over 3.02 million hectares of 

land, with an annual production of 52.83 million quintals with ayield of 17.48 qt/ha, 

contributing about 19.73% of the total cereal production. In terms of area of production, teff 

stands first by covering 29.54% of the total cereal crops areas followed by maize (20.80%), 

sorghum (18.53%) and wheat (16.60%). From total cereal production, teff ranks second after 

maize in the country. Production of teff has significantly increased over the past 10 years. It has 

increased from 3.18 million tons in 2009/10 (CSA, 2010) to 5.28 million tons in 2017/18 (CSA, 

2018) and to 5.74 million tons in 2019/20 (CSA, 2020). 

 

In the Amhara region, the total area covered by teff was 1,156,131.09 hectares produced by 

2.66 million smallholders; the total production was 21.89 million quintals; and average 

productivity was 18.94 qt/ha. Whereas in South Gondar zone 149,921.19 hectares of land 

covered by teff with 371,985 smallholders and the total production was 2.84 million quintals  

(CSA, 2020).  

According to Libo Kemkem woreda agriculture office reports of (2020/2021), about 27,129 

hectares of land was covered by cereal crops. Of these, 5,304.5 hectares of land was covered by 

teff with a total production of 95,562 quintals. Despite its increase in area and production, its 

productivity is low (18 qt/ha) which is below the average of productivity in the region (18.94 

qt/ha). There was also the variation of productivity among teff producers in the woreda due to 

differences in inputs application rates and management practices like timely sowing. Therefore, 

this study is intended to estimate levels of efficiency and to identify factors affecting efficiency 

levels of smallholder teff producers in the study area. 
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1.2   Statement of the Problem 

In developing countries like Ethiopia, agricultural production and productivity is low and the 

agricultural output growth is an imbalance with population growth. In Ethiopia, there are high 

potential areas that can produce enough grains to meet the needs of the deficit areas’ people. 

However, lack of efficiency in agricultural systems makes farmers not produce more as is 

expected  (Yimer, 2017). 

Despite the abovementioned importance and area coverage, teff productivity is much less at 

national, regional and local levels due to factors like lack of high yielding cultivars, poor 

management practices and low input utilization (FAO, 2016). Moreover, the erratic and uneven 

distribution of rainfall is becoming a threat to produce late-maturing local teff varieties due to 

frequent moisture stress at flowering and grain filling stages thus leading to either lower yield 

or total crop failure (Kebebew et al., 2013). The average productivity of teff in Ethiopia is 1.75 

ton/ha at the smallholder farm household level which is very low (CSA, 2019). However, 

through research and applying improved agricultural technologies, teff yield can be raised to 5 

tons/ha (Solomon, 2014). 

Rapid population growth multiplies the problems related to food and other related fundamental 

human needs. Increasing food production is it self a  complex process involving more intensive 

and extensive use of land and water, increased availability of basic agricultural inputs, 

appropriate agricultural policies and rural institutions and strengthened agricultural research. 

However, if an effort is made,  the potential for increasing food production in every country in 

the world would be substantial  (Aung, 2012).  But,  there is still a productivity gap between the 

farm households which are due to moistures stress, shortage of improved seeds, and 

degradation of soil fertility, insect pests, diseases and weeds. This higher gap between yields of 

crops under farmer’s management indicated that farmers have an opportunity to narrow this 

gap by increasing their crop production and earning higher output. 

According to Musa (2013), efficiency measures are important since it is a factor for 

productivity growth. Such studies benefit economies by determining the extent to which it is 

possible to raise productivity by improving the neglected source of growth (efficiency) with the 

existing resource base and available technology. Understanding the existence of efficiency 
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differentials and different factors contributing to the inefficiency in advance is a factor that 

helps to improve efficiency to bring a desired change in the sector. However, there is a limited 

number of studies done in this regard in general and most of the studies show a narrow focus in 

terms of sampling.  

The majority of farm (especially teff production) efficiency studies are limited to technical 

efficiency, which does not full represents overall efficiency (Sultan & Bhat, 2014; Moges, 

2017; Yimer, 2017; Alemu et al,. 2018; Kassa et al., 2018; Abate et al., 2019; Assefa et al., 

2020; Mihiretu & Abebaw, 2020; Endalew et al., 2021; Tesfaw et al., 2021). Although, the 

analysis of technical efficiency of teff is important there was limited empirical research done so 

far, particularly on the estimation of other efficiencies such as allocative and economic 

efficiency in Ethiopia. According to those researchers, there are mixed results of the different 

efficiency analyses and although they identify factors that affect the inefficiency level of 

farmers, these factors are not uniformly identical in all places at all times. Hence, focusing only 

on technical efficiency (TE) understates the benefits that could be derived by producers from 

improvements in overall economic performance. 

Most of the empirical studies in Ethiopia show that there was a variation in the level of 

economic efficiency of smallholder farmers in different crops (i.e teff, maize, wheat, etc) 

production (for example, Solomon, 2012; Musa, 2013; Tesfaye et al., 2015; Kiflie et al., 2017; 

Milkessa, 2018; Tolesa, 2018;  Asfaw et al., 2019; Mekuriaw, 2020). According to the results 

of these studies, the main sources of variation was; farm size, livestock holding, land 

fragmentation, education, participation in off/non-farm activities, access to credit, family size, 

extension contacts and poor infrastructures, among the others. However, those factors are not 

equally important and similar in all places at all times. A critical factor in one place at a certain 

time may not necessarily be a significant factor in other places even in the same place after 

some time, since social development is dynamic and their study is restricted to only one district 

not represents other districts. 

Unlike technical efficiency, studies conducted on economic efficiency (EE) of teff are limited. 

Moreover, there is no study done on the economic efficiency of smallholder teff producers in 

the study area. Therefore, this study will attempt to fill the existing knowledge gap and try to 

measure the economic efficiency of the farmers with its main determinants in the study area. 
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1.3. Research Question 

1. Is there a significant difference in efficiencies in teff production among farmers? 

2. What are the major determinants of the efficiency of teff production?  

3. What are the levels of technical, allocative and economic efficiencies of farmers? 

1.4 Objectives of the Study 

The general objective of the study is to analyse the efficiency of smallholder farmers’ teff 

production in Libo Kemkem Woreda. Hence, the study has the following specific objectives to 

be addressed: 

1. To estimate the economic, technical and allocative efficiency of teff producer farmers. 

2. To identify the determinant of the efficiency of smallholder farmers. 

1.5 Significance of the Study 

The study will provide information about the economic efficiency of smallholder farmers in 

teff production in Libo Kemkem woreda. The result of the study enables us to know the 

significant factors that determine smallholder farmers’ economic efficiency of teff production 

in the study area.  

The findings of the study may help the concerned body of the study area to be aware of the 

economic efficiency of smallholder farmers in the study area. Since the determinants of 

economic efficiency of teff production of smallholder farmers in Libo Kemkem woreda were 

investigated, the above-mentioned bodies can easily identify the potentially effective 

intervention areas which can play a crucial role in their success. Researchers who want 

additional information on the economic efficiency of smallholder farmers in teff production in 

Libo Kemkem woreda can use the finding of the study. 

1.6 Scope of the Study 

The study will focus on the economic efficiency of smallholder teff producer farmers using a 

stochastic frontier approach and identifying factors causing efficiency variation among farmers 

by utilizing the Tobit model. The study shall use cross-section data generated from154 samples 

of teff producer farmers in Libo Kemkem woreda.  
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1.7. Limtation of the study 

Farmers in the study area do not keep records they might face recalling problems of the past 

events and most probably they may give wrong information during the survey time. The study 

is limited to four kebele administrations, out of 31 kebele administrations and 155 respondents 

due to limited resources, such as finance and time.. Farmers in the study area produce different 

tipes of crops, this study focused only on teff but other crops were not included. Moreover, the 

results of cross sectional data did not show the change over time that was important for a 

follow up development strategy. 

1.8. Organization of the Study 
 

The final research report will be organized into five chapters. Chapter one includes an 

introduction (background of the study, statement of the problem, research question, general and 

specific objective, significance of the study, and scope of the study) which is focused on the 

economic efficiency of smallholder farmers in teff production. Chapter two will consist of a 

review of related theoretical, conceptual framework and empirical literature. Chapter three will 

describe the methodologies employed in conducting the research. Chapter four will present the 

results of the data collected through the various tools described in the methodology. The final 

chapter will comprise conclusions and recommendations.  
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Chapter 2 

2. LITERATURE REVIEW 

In this chapter, a review on definition and concepts of efficiency and efficiency measurements 

approach, models of measuring production efficiency, empirical studies on efficiency, and 

conceptual framework of the study are discussed briefly. 

2.1 Definitions and Types of Efficiency 

Efficiency is considered to be one of the most important issues in the production process. It is a 

commonly used term in economics. Farrell (1957) proposed measure of efficiency, which 

consists of two components: technical efficiency and price (allocative) efficiency. These two 

measures are then combined to give a measure of total economic efficiency. TE enables us to 

compare observed and optimal level of output and inputs of a production unit (Coelli, 1995). 

Hence, TE which measures the ability of a farm to obtain maximum output from a given set of 

inputs (output-oriented measures); or use the minimum feasible amount of inputs to produce a 

given level of output (input-oriented measures). It is measured by comparing the observed 

output against the feasible (frontier) output (Fried et al., 2008). Lovell (1993) defines the 

efficiency of a production unit in terms of a comparison between observed and optimal values 

of its output and input. The comparison can take the form of the ratio of observed to maximum 

potential output obtainable from the given input, or the ratio of minimum potential to observed 

input required to produce the given output. In these two comparisons the optimum is defined in 

terms of production possibilities, and efficiency is technical. According to Kumbhakar and 

Lovell (2003) technical efficiency is achieved when the firm is able to produce a maximum 

level of outputs given a certain level of inputs or minimize inputs given a certain level of 

outputs. 

On the other hand, AE is the ability of farmers to use inputs in optimal proportion for a given 

input price. AE measures the ability of a farm to use inputs in optimal proportions given their 

respective prices and the production technology. Allocative inefficiency arises when inputs of 

production are used in a proportion that does not minimize the costs of producing a given level 

of output. Economic efficiency is the product of technical efficiency and allocative efficiency. 
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A firm that is both technically and allocatively efficient is said to be an economically efficient 

firm (Tutulmaz, 2014). Once again, TE and AE are then combined to give EE, which is 

sometimes referred to as overall efficiency (Coelli et al., 1998). 

2.1.1. Concepts of productivity and efficiency 

The efficiency of a farmer is its ability to produce the greatest amount of output possible from a 

fixed amount of inputs. Another way of putting this is to say that an efficient farmer is one that 

given a state of technical know-how, can produce a given quantity of goods by using the least 

quantity of inputs possible (Kopp, 1981). Productive efficiency consists of technical and  

allocative  efficiency. Technical efficiency is derived from the production function which 

reflects the ability of the firm to maximize output for a given set of resource inputs.   

According to Koopmans (1951) a producer is technically efficient if, and only if, it is 

impossible to produce more output without producing less of some other output or using more 

of some input. Technical efficiency of a producer is a comparison between observed and 

optimal values of its outputs and inputs.  It refers to the ability to avoid wastage either by 

producing as much output as technology and input usage allow or by using as little input as 

required by technology and output production. Technical efficiency has, therefore, both an 

input conserving and output promoting argument. 

It is assumed that technical efficiency lies between zero and one, if TE = 1 implies that the firm 

is producing on its production frontier and is said to be technically efficient. 1– TE is therefore 

the largest proportional reduction in input that can be achieved in the production of the output.  

Alternatively, it can be interpreted as the largest percentage cost saving that can be achieved  

by  moving the firm towards the frontier isoquant through radial rescaling of all inputs (Chavas 

& Aliber, 1993). 

This would be represented by the firms operating more closely to the existing frontier. It is thus 

evident that productivity growth may be achieved through either technological progress or 

efficiency improvement, and that the policies required to address these twoissues arelikely 

tobequite different. Production technology is commonly modelled by means of production 

function, which in the scalar out put case specifies the maximum output obtainable from an 

input vector. The degree to which the actual output of aproduction unit approache sits 
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maximum is the technical efficiency of production. Productivity is the quantity of a given 

output of a firm per unit of input. Technical efficiency (that part of efficiency which explains 

the physical performance of a firm) measures the relative ability of a firm toget the maximum 

possible output at given input or set of inputs. Technically efficient firms are those firms that 

are operating on the production frontier that represents the maximum output attainable from 

each input level (Coelli, 1995). 

The concept of efficiency is considered with the relative performance of processes used in 

transforming given inputs in to output. Farrell (1957) identified at least two types of efficiency. 

These are technical and allocative efficiencies.   

According to (Farrell & Fieldhouse, 1962), allocative efficiency is related to the ability of a 

farmer to choose its input in a cost minimizing way. It involves the selection of an input mix 

that allocates factors to their highest valued uses and thus introduces the opportunity cost of 

factor inputs to the measurement of productive efficiency. AE reflects the ability of the firm to 

use the inputs in optimal proportions given their respective prices and the production 

technology. It is assumed that, 0 < AE < 1.  Following the same line of reasoning, 1 – AE 

measures the maximal  proportion of  cost the  technical efficient  firm can save by behaving in 

a cost minimizing way. 

Technical efficiency and allocative efficiency are then combined to give economic efficiency, 

which is referred to as overall efficiency (T. Coelli et al., 2002). It is assumed that 0 < EE < 1.  

Therefore EE = 1 implies that it is both technically and allocatively efficient. Alternatively,  [1– 

EE] measures the proportional reduction in cost that the producer can achieve by becoming 

technically and allocatively efficient. The distinction between technical and allocative 

efficiency is further explained using two approaches input-oriented and output oriented 

approaches. 

2.1.2. Input-Oriented Approach 

Original idea of representing the technology in a convex iso-quant is an input-oriented measure 

of efficiency. (Farrell, 1957) illustrated the idea of input oriented efficiency using an example 

of a given firm, which uses two factors of production, capital (K) and labor (L), to produce a 

single  output (Y), and  -0face a production  function, y = F (K, L), under  the  assumption of 

constant returns to scale. The assumption will help to present all necessary information on a 
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simpleiso-quant. The input oriented approach addresses the question “by how much a 

production  unit  can  proportionally reduce the quantities of input used to produce a given 

amount of output?” (T. Coelli et al., 2002). The two factors per-unit output that a firm uses can 

be presented on the  two-dimensional input/input space. The iso-quant SS’ (Figure1) represents 

the various combinations of the two input variables that at least a firm might use to produce a 

unit of output.  

In an input-oriented measure of efficiency, both allocative and technical efficiencies of a firm 

fall on or above the unit iso-quant of the input-per-unit of output space and cannot be below or 

to the left of it. A departure from the unit iso-quant indicates  technical  inefficiency and  the 

more a firm is far from the unit iso-quant the more it is inefficient. For instance, as illustrated in 

Figure-1 below a firm producing at P uses inputs X12 and X22 to produce a unit output and 

firm Q uses X11  and X21  amounts of inputs to produce the  unit output given by the iso-quant 

curve SS’. The ratio (X12 - X11)/X12  which is equal to (X22 - X21)/X22  is the proportion by 

which firm P has over used the  inputs  and  this  measures  the  level  of  technical  inefficiency  

of  the firm. All firms that are located on the unit iso-quant SS’ are technically efficient and all 

production inputs are optimally used. 

 

Figure 2.1. Input-oriented illustration of technical and allocative efficiency 

 

                      Source: (T. Coelli et al., 2002) 
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On the other hand, allocative efficiency measures the extent to which the firm uses the various 

factors in the best proportion given inputs and output prices. As aresult, technically efficient 

farms operating at the isoquant may not necessarily be allocatively efficient, since allocative 

efficiency requires additional information on inputs and output prices.  

 Returning to the model depicted in Figure 1, the point of tangency between AA’ (iso-cost line) 

and SS’ (isoquant curve) is the least cost combination of inputs which are allocatively efficient 

point of a given firm. Departure from the line AA’ represents the degree of allocative 

inefficiency and the value for  point Q  is  given  by  the  ratio  RQ/OQ. The distance RQ  

represents the reduction in production costs that would occur if a firm is to produce at both 

allocatively and technically efficient point Q’, instead of at technically efficient, but 

allocatively inefficient, point Q. 

Mathematically technical efficiency (TE) and allocative efficiency (AE) of a firms operating at  

P can be presented as follows. 

                   TE = OQ/OP                                                                                      (2.1) 

AE= 0R/0Q                                                                                        (2.2) 

Economic efficiency (EE) is therefore the product of the two efficiencies.  

EE = (OR/OQ) x (OQ/OP) = OR/OP                                                       (2.3) 

However, in practice, the iso-quant is not known. Hence, iso-quants that represent the efficient 

points must be estimated from sample data. 

2.1.2. Output-Oriented Approach 

Figure 2,  below shows  the  output-oriented  approach  of  efficiency  measurement  using  a 

production possibility curve which illustrates the possible combination of two outputs (Y1  and  

Y2) one can produce given input X and the level of technology. That means, in the output 

oriented approach the question will become “by how much can output be increased without 

increasing the amount of inputs used?”    
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Figure 2.2. Output-oriented illustration of technical and allocative efficiency 

 

Source: (T. Coelli et al., 2002) 

Given the production possibility curve, a producing unit can then be located either exactly on 

the PPF or below it.  All producers on the curve have attained the maximum combination of Y1 

and Y2 that can be produced given the input level and state of technology.  However, firms 

located below the PPF curve are said to be inefficient. For instance, given the fixed amount of 

input and level of technology under constant return to scale Firm D is producing lesser amount 

of both outputs than A. There is a possibility for firm D to increase the level of outputs Y1 and 

Y2  from  Y11 to Y12 and from Y21 to Y22, respectively, without requiring extra inputs. This 

proportion (Y22-Y21)/Y22 that is equal to (Y12 - Y11)/Y12 are the level of technical 

inefficiency of firm D, and thus the technical efficiency of D is given by: 

TE = (1-((Y12 - Y11)/Y12) = OD/OA                                                                          (2.4)  

Allocative efficiency can also be defined using the output-oriented approach by drawing the  

iso-revenue line RR if information on the price of the two products is available. The allocative 

inefficiency is given by the ratio of the distance between the production possibility curve and 

the iso-revenue curve to the distance between the origin and the iso-revenue curve. 
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The allocative efficiency of firm A, for instance, is given by the ratio OA/OC. The allocative 

efficiency of all those firms on line OB is equal to one. The economic efficiency of a firm  is 

again defined as a product of both the allocative and technical efficiencies of the output 

oriented approach as follows: 

EE = (OD/OA)*(OA/OC) = OD/OC                                                                      (2.5) 

2.2. Models of Efficiency Measurement 

The  literature  on  frontier  production function and  cost  functions  and  the  calculation  of  

efficiency measures begins with Debreu, (1951) and Farrell, (1957).  However, the empirical 

estimation of production functions had begun long before Farrell’s work, arguably withCobb 

and Douglas (1928).  

Generally, two sets of approaches can be delineated to the measurement of production 

efficiency;  namely parametric and non-parametric techniques. Non-parametric approach 

estimation methods are based on envelopment techniques. Distinict among them are the Free 

Disposal Hull (FDH) and Data Envelopment Analysis (DEA) methods. The Free Disposal Hull 

method was developed by (Deprins et al., 2006), while the DEA method was initiated by 

Farrell, (1957) and transformed into estimation techniques by Charnes (1978). 

DEA builds a linear  piece-wise function from empirical observations of inputs and outputs up 

on linear programming technique, which estimates a production frontier through a convex 

envelope curve formed by line segments joining observed efficient production units. No 

functional form is imposed on the production frontier and no assumption is made on the error 

term.  Free Disposal Hull (FDH) is a special case of the DEA model, because it includes only 

the DEA vertices and the free disposal hull points, interior to these vertices. Thus, the FDH 

usually generates larger estimates of average efficiency than the DEA. Both approaches allow 

the variation of efficiency over time and do not impose any a priori functional form to the 

distribution of inefficiency scores. Nevertheless, this method is limited because it lacks the 

statistical procedure for hypothesis testing, it does not take measurement errors and random 

effects into account rather, it supposes that  every  deviation from the frontier is due to the  

firm’s  inefficiency. Moreover, it is very sensitive to extreme values and outliers. 
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Parametric approach on  the  other  hand  is  based  on  econometric  estimation  of  a  

production frontier  whose  functional  form  is  specified  in  advance.  In  this  approach,  the  

stochastic frontiers  method which develop by Aigner et al., (1977) and Meeusen & van Den 

Broeck, (1977) is the most popular. The stochastic frontier, is known as composed error model, 

accounts for the effect of  random factors such as errors of measurement, unspecified variables, 

or hazard factors. Criticism of this method resides in the need to specify beforehand the 

functional form of the production function and the distributional form of the inefficiency term. 

2.2.1. Stochastic Frontier Production Function 

To solve the limitation of deterministic approach of Aigner and Chu, (1968) and Timmer, 

(1971) designed a method that involves dropping a percentage of firms closest to the estimated 

frontier, and re-estimating the frontier using the reduced sample. The arbitrary nature of the 

selection  of  some percentage of observation to omit has meant, however, that Timmer’s 

probabilistic  approach has not been widely followed (Coelli, 1995). With the process of 

managing the outliers, so that the inefficiency level would not be exaggerated, firms/farmers 

who outperform will be considered as outliers.  

According  to  (Kumbhakar et al., 2000), SFP  function  originated  with  two  papers, 

published  nearly  simultaneously  by  two  teams  on  two  continents.  Meeusen & van Den 

Broeck, (1977) appeared in June, and Aigner et al., (1977) appeared a month later.  Unlike  the  

deterministic  model,  SFP  function  has  a  disturbance  term  with  two components; the error 

component (v) and the stochastic noise (u). The other merit of the SFP function over the former 

(deterministic) is that the estimation of standard errors and tests of hypothesis is possible, 

which the deterministic model fails to fulfill because of the violation of the maximum 

likelihood regularity conditions (Coelli, 1995). Stochastic frontier production function can be 

estimated using  Maximum likelihood (ML) or OLS method. Unless one uses OLS for its 

simplicity, the ML  method is asymptotically efficient and hence recommended to be used than 

OLS (T. Coelli, 1998). 

 Non-Parametric Frontier Model 

The non-parametric approach has been traditionally assimilated into Data Envelopment 

Analysis  (DEA); a mathematical programming model applied to observed data  that provides a 
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way for the construction of production frontiers as well as for the calculation of efficiency 

scores relatives to the constructed  frontiers. Data Envelopment Analysis (DEA) is a non-

parametric method of measuring efficiency and can easily handle multiple input and output.  

Moreover, in data envelopment analysis, application inputs and output can have very  different  

units  of measurement without requiring any a priori trade off or any  input and output prices. 

An input oriented BCC/ Banker- charnes-cooper  model/ suggested an extension of the CRS 

DEA  model  and  the  model  is  given  below  for  N  decision  making  unit  (DMU),  each 

producing M outputs by using K different inputs( Coelli, 1998). 

       .Min ᵩ λ Ф                                                                                                             (2.6) 

Subject to 

-y i +Y λ > 0 

Фxi - X λ > 0 

NIλ=1, λ > 0 

Where Ф is a scalar, NI is convexity constraint and λ is N x 1 vector of constants.  Y represents 

output matrix and X represents the input matrix. The value of Ф will be the efficiency score for 

the ithfirm. This linear programming problem must be solved N times, once for each firm in the 

sample. A Ф value of 1 indicates that the firm is technically efficient according to the (Farrell, 

1957) definition.  

Data  Envelopment  Analysis (DEA)  does  not  impose  any  assumptions  about  functional  

form; hence  it  is  less  prone  to  misspecification.  Further, DEA does not take it in to account 

random error. It is not subject to the problems of assuming on underlying distribution about the 

error term.  However,  since  DEA  cannot  take  account  of  such  statistical  noise,  the 

efficiency  estimates  may  be  biased  if  the  production  process  is  largely  characterized  by 

stochastic elements but this technique is not the matter of this study. Thus, it is only for the 

literature review purposes.  
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 Parametric Frontier Models 

With  respect  to  parametric  approaches,  these  can  be  subdivided  into  deterministic  and 

stochastic models. The first are also termed ‘full frontier’ models. They envelope all the 

observations, identifying the distance between the observed production and the maximum 

production, defined by the frontier and the available technology, as technical inefficiency.  

The non stochastic model assumes that any deviation from the frontier is due to inefficiency, 

while the stochastic approach allows for statistical noise. A further classification of frontier 

models can be made according to the tools used to solve them, namely the distinction between  

mathematical  programming and econometric approaches.   

The deterministic frontier functions can be solved either by using mathematical programming 

or by means of econometric techniques. The stochastic specificationsare estimated by means of 

econometric techniques only.(Greene, 1980) recommended  that  stochastic  frontier analysis  is 

more appropriate than Data  Envelopment  Analysis  and deterministic models in agricultural  

applications,  especially  in  developing  countries,  where  the  data  are  heavily influenced by 

measurement errors, and the effect of weather, disease,  and the like  plays a significant role. 

 Deterministic models 

The parametric deterministic models used for measuring technical efficiency. We assume that 

production can be modeled as; 

Yi = α+βxi - ui                                                                          (2.7) 

Where ui>0 represents inefficiency and all variables are specified in logarithms. In this case,  

DFi = exp (-ui)                                                                          (2.8) 

It is the Debreu-Farrell measure of technical efficiency. It is not necessary to restrict the 

production function to Cobb-Douglas. This functional form is chosen to be consistent with 

(Aigner and Chu, 1968) for convenience. Alternatively, the flexible Translog production 

function, which is linear in the parameters, can be specified. This technique is considered 

deterministic because the stochastic component is completely generated by inefficiency and 

measurement error is assumed away. Following (Greene, 1980) the deterministic model can be 
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estimated using OLS. In this case, the slope parameters are estimated consistently, but the 

intercept is biased.   

Greene shows that a consistent estimate can be obtained by shifting the OLS line upward so 

that the largest adjusted residual is zero. If the true error term is composed of a normally 

distributed noise term and a non-negatively distributed inefficiency term, then OLS is not 

maximum  likelihood  but  still  produces  unbiased  and  consistent  estimates  of  the  slope 

parameters. Hence, there will be minor differences between the estimated slope parameters 

from the stochastic frontier and OLS regressions.  Correcting the intercept from an OLS 

regression is only one deterministic approach.  

(Aigner and Chu, 1968) developed linear and quadratic programming alternatives. The 

deterministic specification, therefore, assumes that all deviations from the most efficient 

frontier are under the control of some circumstances out of the agent’s control that can also 

determine the suboptimal performance of units.  Regulatory-competitive  environments, 

weather,  luck,  socio-economic  and  demographic  factors,  uncertainty,  etc.,  should  not 

properly  be  considered  as  technical  efficiency.  The deterministic approach does so, 

however. Moreover, any specification problem is also considered as inefficiency from the point 

of view of deterministic techniques. On the contrary, stochastic frontier procedures model both 

specification failures and uncontrollable factors independently of the technical inefficiency 

component by introducing a double-sided random error into the specification of the frontier 

model. 

 Stochastic frontier model 

The stochastic frontier approach which was introduced by (Meeusen & van Den Broeck, 1977) 

and (Aigner et al., 1977), reversed the conventional belief that deviations from the production 

frontier are due to inefficiency of the producing units (that is, factors under the control of the 

producers, which may not be true). Hence, stochastic estimations of technical efficiency  

incorporate  a  measure  of  random  error,  which  is  one  component  of  the composed error 

term of a stochastic production frontier. This model acknowledges the fact that factors, which 

are outside the farmers` control, can also affect the level of output. So it made possible to find 
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out whether the deviations in production from the frontier output is due to firm specific factors 

or due to external random factors.  

The primary advantage of the stochastic frontier production function is that it enables one to 

estimate farm specific technical efficiencies. The  measure  of  technical  efficiency  is 

equivalent  to  the  production  of  the  ithfarm  to the  corresponding  production  value  if  the 

farm effect uiwere zero.However,  the  estimation  of  efficiency  using  stochastic  method  

requires  a  prior specification  of  functional  form  and  needs  distributional  assumptions  

(half-normal, gamma, truncated, etc.) for the estimation of Ui, which cannot be justified given 

the present state  of  knowledge  (Yimer, 2017) 

The stochastic frontier production model incorporates a composed error structure with a two-

sided symmetric term and a one-sided component. The one-sided component reflects  

inefficiency, while the two-sided error captures the random effects outside the control of the  

production unit including measurement errors and other statistical noise typical of  empirical  

relationships. Hence stochastic frontier models address the noise problem that characterized 

early deterministic frontiers. Stochastic frontiers also make it possible to estimate standard 

errors and to test hypotheses, which were problematic with deterministic frontiers because of 

their violation of certain maximum likelihood (ML) regularity conditions(Schmidt, 1976). 

In stochastic frontier method, technical efficiency is measured by estimating a production 

function. Different production functions such as Cobb-Douglas, Translog, Transcendental, and 

Quadraticetc. can be used to estimate the frontier. The Translog and Cobb-Douglas 

specifications are commonly used functional forms to estimate the frontier; but both have their 

merits and demerits.  Therefore, the method avoids the imposition of unwarranted structures on 

both the frontier technology and the inefficiency component that might create distortion in the 

measurement of efficiency (Shafiq & Rehman, 2000).  

The choice is made on the basis of the variability of agricultural production, which is 

attributable to climatic hazards, and insect pests; Moreover, all information gathered on 

production is usually inaccurate since small farmers do not have updated data on their farm 

operations. In fact, the stochastic frontiers method makes it possible to estimate a frontier 
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function  that  simultaneously  takes into account the random error and the inefficiency 

component specific to teff producing farmers. 

2.3. Approaches to Identifying Efficiency Factors 

The literature suggests two methodological approaches for analyzing the sources of technical  

efficiency based on stochastic production functions. Those are two-stage estimation approach 

and one-stage estimation approach.  

The first approach is the two-stage estimation procedure in which first the stochastic production  

function is estimated, from which efficiency scores are derived, then in the second stage the  

derived efficiency scores are regressed on explanatory variables using ordinary least square  

methods or Tobit regression. This approach has been criticized on grounds that the firm’s  

knowledge of its level of technical inefficiency affects its input choices; hence inefficiency may  

be dependent of the explanatory variables. The inefficiency effects would only be identically  

distributed if the coefficients of the farm specific factors are simultaneously equal to zero. It is 

possible to overcome this problem by the use of a single stage maximum likelihood approach  

(Musa , 2013).  

The second approach advocates a one stage simultaneous estimation approach as in Battese and 

Coelli, (1995), in which the inefficiency effects are expressed as an explicit function of a vector 

of farm-specific variables. In the Battese and Coelli, (1995) approach, the technical inefficiency  

effects  are  specified  in  the  stochastic  frontier  model  and  assumed  to  be independently 

but not identically distributed non-negative random variables. The technical inefficiency effects 

are expressed as; 

Uj = Zjδ                                                                                                   (2.9) 

Where for farm j, z is a vector of observable explanatory variables and δ is a vector of unknown  

parameters. Thus, the parameters of the frontier production function are simultaneously 

estimated with those of an inefficiency model, in which the technical in efficiency effects are 

specified as a function of other variables. The one stage simultaneous approach is also 

implemented in frontier and in addition to the basic parameters the program also provides 

coefficients for the technical inefficiency model.  
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Several factors including socio -economic and demographic factors, plot-level characteristics, 

environmental factors and non-physical factors are likely to affect the efficiency of smallholder 

farmers. This study has adopted to use the single stage estimation approach due to the 

measurement procedure of the overall efficiency. 

2.4. Review of Empirical Studies 

2.4.1.   Review of empirical studies on efficiency in Sub Saharan Africa 

Recently, there is an increasing concern towards assessing  the relative efficiency of farmers  

and the possible factors causing  inefficiency. A number of studies on economic efficiency 

have been done using different approaches since the ground breaking work of Farrell. Some of 

the works that are studied in Sub Saharan Africa are presented hereunder in brief. 

(Mochebelele, 2000) used SPF to study  the impact of labour migration on the  TE  of  farms  in  

the  rural  economy  of  Lesotho.  The  study  indicates households  that send migrant labour to 

South African were more efficient than  their counterparts with mean efficiencies  of  36%  and  

24%,  respectively.  The study concluded that remittances facilitate agricultural production, 

rather than substitute for it. The study, however, did not consider other potential determinants 

that may affect TE of farmers. 

Hirwa (2007) examined  the sources of TE  variation  among  small-scale  farmers in southern 

Malawi and found out that many small-holder maize farmers  were  technically inefficient, with 

mean  TE  scores  of  46%  and  the  minimum  TE  was  8%. In addition the results also 

showed that TE increases with the use of hybrid seeds and cooperative membership. One of the 

variables used for capturing adoption of technology showed that the application of fertilizers 

does not explain the variations in technical inefficiency.  

Kareem et al.(2010) applied SFP to estimate efficiency among the fish farmers using concrete 

and earthen pond systems. The result of the study has shown an average of 76% in concrete 

pond system and earthen pond system had an average of 84% EE level. The mean TE for the 

concrete  pond  system  was  estimated  to  be  88%  while  earthen  pond  system  was  89%. 

Similarly, the AE results revealed that concrete pond system was 79% efficient while earthen 

Pond had 85%. The result also indicated that pond area, quantity of lime used, and number of 
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labor used were significant factors that contributed to the TE of concrete pond system while 

pond, quantity of feed and labor were the significant factors in earthen pond system.  

Kariuki Daniel(2010)conducted a study in Kenya to identify determinants of inefficiency with 

the objective of exploring land tenure policies that would enhance efficiency in production. The 

study reveals that parcels with land titles have a higher efficiency level. Other factors such as 

education status of head, access to fertilizers, and group participation were also found to 

significantly influence technical efficiency. 

Mbanasor & Kalu, (2008) examined EE of commercial vegetable production in Nigeria. The 

study indicated that individual levels of economic efficiencies lies between 13% – 99% with a  

mean of 61%. The study also showed that age, education, gender, farm experience, extension 

visit, access to credit, household size, production system and farm size  significantly determine 

EE level of farmers in the production. Age, gender, farm experience, extension visit and access 

to credit were positively related to EE. 

Ayodele et al. (2012) used SFP function to examine EE of land improvement techniques 

employed by smallholder cassava farmers in Kogi State of Nigeria using data collected from 

180 respondents. The mean economic efficiency of 65.74% was obtained. The results of the 

analysis indicated that presence of inefficiency had effects on cassava production as indicated 

by the significant estimated gamma coefficient of the model. Extension programmes targeted 

on the appropriate farmers and efficient use of ecologically sound farm techniques is required 

for  increased farm productivity and income levels as well as to conserve limited farm 

resources.  The result also indicated that age, household size, level of education and level of 

education were positively related to EE. 

Ali (2012) estimated  the  EE  of  wheat  and  bean  production  for  small-scale  farmers  in 

Northern  State  of  Sudan.  The  results  showed  that  the  mean  technical  efficiencies  of  

wheat were 75% and 66%  in Dongola and Ed-abba,  respectively, while they were  65% and 

71%,  the  mean  allocative  efficiencies  of  wheat  in  the  two  localities  were  72 %  and  

68%, whereas, they were 86%, 84%  for bean. The mean of economic efficiencies that 

estimated for wheat were 41% and 45% in the two localities, while in bean production they 

were 57% and 62% in Dongola and Ed-abba, respectively. 
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2.4.2. Review of Empirical Efficiency Studies in Ethiopia 

Musaba & Bwacha (2014) studied  EE  of  maize  producer  in  Arsi Negele  district  of  oromia 

region  using Stochastic production frontier model. Accordingly, the mean TE, AE and EE of 

sample households were 31.89%, 23.7% and 19.3%, respectively. The determinant results also 

revealed that interest in maize production, education and total income positively affect 

technical efficiency while total expenditure had a negative effect. livestock ownership had 

positive impact on AE  and  EE  while  participation  in  sharecropping  and  total  cultivated  

land  had negative effect on AE and EE, respectively. 

Solomon Bizuayehu(2014) studied TE of major crops in Ethiopia using stochastic production 

frontier model. the model  output  depicted  that  the  mean  level  of  TE  for  major  crops, 

Teff, Wheat and Maize production was found to be 63.56, 67.26, 84.16 and 91.41 percent, 

respectively. The determinants of inefficiency model results also indicates that education and 

total income positively affect the efficiency of major crops while total expenditure had a 

negative effect. livestock ownership  had  positive impact  on  AE and EE while participation in 

sharecropping and total cultivated land had negative effect. 

Yimer (2017) studied TE of teff production using Cobb Douglas production function and 

farmers on average attained 59.5, 63 and 52 percent of TE level in the study area as the whole, 

midland and lowland areas, respectively. This is an indication that there is an opportunity to 

increase teff production by about 40.5, 37 and 48 percent in the study area as the whole, 

midland and lowland areas, respectively. 

Fekadu (2008) identified  factors  affecting  level  of  TE  in  wheat  production  of  Machakal 

Districts using cross sectional data collected in 2003 production year. The result indicated that 

the mean technical efficiency of farmers in the production of wheat was 0.710 with the result 

lies between minimum level of 2.6% and maximum of 94%. The study indicated  that fertility 

status  of the plot, age, land ownership, training  and  extension  affect  efficiency  of farmers  

positively  and significantly, while, family size, fragmentation and livestock were related 

positively with inefficiency. 

Temesgen and Ayalneh (2005) analyzed TE of Awi zone farmers in the production of irrigated 

potato by applying Translog SFP function. The mean level of TE was 77% and 97%, 
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respectively for modern and traditional schemes.  The finding indicates that improving the level 

of efficiency raises productivity under modern schemes, while improving productivity under 

traditional schemes need introduction of new technology. The study also indicated that, 

irrigation experience, commodity rate of production and size of livestock was important factors 

that determine the level of efficiency. 

Alemu et al.(2007)studied  production  efficiency  across  different  agro  ecological  zones  in 

East Gojjam zone by using  SFP to estimate efficiency and found 75.68% as a mean of  TE 

which ranges between 32.15% and 92.66%. The model also indicated that education, distance 

to market and credit are among the determinants of farm efficiency. 

Deressa et al.(2017) studied TE of  irrigated  potato  using  SFP  function.  Using Cobb  

Douglas production  function,  the  estimated  mean  TE  for  diversion  irrigation  scheme  

users  and  pond irrigation scheme users  were  58% and 87% respectively. The study also 

found that UREA and DAP were positive and significant determinants of potato production. 

Extension contact and off/nonfarm activity were also found to be positively related to TE. 

Alemayehu Seyoum et al.(2013) measured level of TE of coffee producers and identified 

factors causing efficiency difference among farmers. The results revealed that onaverage coffee 

producers were 72% efficient.  Education,  distance, family  size and  poor  soil fertility tends  

to increase technical  inefficiency of farmers whereas off farm income, proximity to market, 

cereal crop production, sex and good soil fertility improves their technical efficiency. 

Marelign (2010)  used a Cobb-Douglas Stochastic Frontier production function to estimate 

individual efficiency of firms irrigated vegetables production. The results revealed that the 

mean technical, allcoative and economic efficiencies for the sample firms were 83 %, 51%, and 

42% respectively.  The  result  also  indicated  that  access  to  credit,  extension  service, 

training,  and  education  were  among  the  significant  factors  causing  efficiency  differential 

among the sample households. 

Essa (2011) assessed farm-level resource use efficiency and determined factors that influence 

efficiencies of households in the production of teff, wheat and chickpea. The study established 

that smallholder farmers were resource use inefficient.  Moreover,  the  result  revealed  that 

efficiency  in  resource  use  was  positively  affected  by  family  size,  farming  experience  
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and membership  to  associations. The  study also indicated that  resource  use  efficiency  and 

productivity gains  are likely to be significantly improved through expansion  of  nonfarm 

sectors, reform of farmer related associations and integrating community leadership in various 

community activities and programs. 

Mekuriaw (2020) examined EE of smallholder farmers in teff production in East Gojam zone 

of Amhara region. The study has indicated that teff production system was not fully efficient 

and the mean TE, AE and EE was found to be 81%, 11% and 9% respectively. The study also  

identified that education, soil fertility, extension service, credit, total land, distance to market, 

livestock size and experiance were significant variables to determine farmers technical 

efficiency level. And education, soil fertility, credit, total land, distance to market, and 

experience affect farmers’ EE significantly. But, only total land is a significant variable to 

determine AE. 

Hassen et al.(2012) studied AE, TE, and EE of smallholder using parametric approach. 

According to the results from the model, the mean TE, AE and EE Were found 62%, 51% and 

29% respectively. Farm sizes, livestock ownership, availability of labour, total household asset 

and consumption expenditure were identified to determine production efficiency. 

A study undertaken in Southern Ethiopia by Endrias  (2016) to determine technical efficiency 

of smallholder farmers and factors causing TE differential depicted that productivity of maize 

was significantly influenced by the use of labor, fertilizer, and oxen power. The mean TE was 

found to be 40%.  Important factors that significantly affected the technical efficiency were 

agro-ecology, oxen holding, farm size and use of high yielding maize varieties. 

Solomon (2012) studied economic efficiency of wheat seed producer in Womberma district of 

West Gojjam zone using stochastic production frontier model. Accordingly, the mean TE, AE 

and EE of sample households were 79.9%, 47.7% and 37.3%, respectively. Results also 

revealed  that interest in wheat seed business and total income positively affect technical 

efficiency while total expenditure had a negative effect. Education level and livestock 

ownership had positive impact on AE and EE while participation in sharecropping and total 

cultivated land had negative effect on allocative and economic efficiency, respectively. 
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2.6. Conceptual Framework of Efficiency of Teff Production 

Production process involves a transformation of inputs into outputs. Inputs as well as outputs 

vary from one type of production to another. In crop production, inputs include land, seeds, 

labor, fertilizer and herbicide, which are all combined in different ratios to produce outputs. 

The effectiveness with which the inputs are transformed into outputs does not only depend on 

inputs used but also on the managerial practices that the farmer uses to combine these inputs. 

Agricultural productivity in general may be increased in different ways. First, agricultural 

productivity may be increased through increased use of inputs, usually referred as horizontal 

expansion. Increasing agricultural productivity using this method requires raising the quantity 

of inputs used in the production. Though such activities have the potential for productivity 

enhancement, the method has little application in Ethiopia and other developing countries 

because of limited resources and restricted access to credit to increase the quantity of inputs. 

The second method of increasing agricultural productivity is through improving efficiency of 

resource utilization. Such technique increases productivity by improving the overall efficiency 

of farmers using the current levels, quality of inputs and existing technology. In this method, 

efficiency of production could be obtained through the utilization of better farm management 

practices and removing some existing production constraints and improvement of farm 

technology. The third method of increasing agricultural productivity through improvement in 

agricultural technologies, which includes the use of technology packages, such as use of HYV, 

use of fertilizers, and the use of agro-chemicals such as herbicides and pesticides. Such 

technique is termed as transformation method, which is characterized by a shift of production 

frontier upward (Arega, 2003; Jema, 2006; Walter and Hezron, 2003; Headey et al., 2010). 

Raising agricultural productivity depends critically on improvement of efficiency in 

production, development and dissemination of cost effective productivity-enhancing 

technologies, which leads to directly by raising production levels and indirectly by, for 

example, reducing poverty through raising incomes of farm households, raising employment, 

lowering the price of food and thereby affecting the food security and wellbeing status of rural 

households (De janvry and Sadoulet, 2001). Moreover, increasing agricultural productivity also 

has a number of advantages. First, facilitates the flow of resources from one sector to another 

and contributes to economic growth. Second, a higher level of agricultural productivity results 
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in lower food prices for consumers and a rise in income of producers that increases the welfare 

of the society and thereby enhancing the economic growth of the country. Third, agricultural 

productivity growth also improves the competitive position of the sector (Jema, 2006). Studies 

by Jema (2008) showed that efficiency of production was determined by the host of Socio-

economic, demographic and institutional factors. These factors directly/indirectly affect the 

quality of management of the farm’s operator and, therefore, are believed to have impact on the 

level of technical efficiency. According to Bakhsh(2007), arrange of factors like distinctiveness 

of farms, management, physical, institutional and environmental aspects could be the cause of 

inefficiencies in the production process of the farmers. 

Technical, allocative and economic efficiency of smallholder teff production is assumed to be 

affected by a wide range of factors. From the extensive reviews, the various factors can be 

grouped as: (1) demographic characteristic (2) socioeconomic characteristics (3) farm 

characteristics and (4) institutional factors. The factors related to demographic characteristics 

include age, sex and family size. The factors related to the socioeconomic characteristics 

include livestock holding and education level of the household. The factors related to farm 

characteristics include total cultivated land, plot proximity (distance to home), and soil fertility. 

The institutional factors include use of credit access, input access and extension service. 

Managerial practices are influenced by socio-economic, demographic, farm characteristics and 

institutional factors, which together with the inputs determine the quality and quantity of 

outputs produced. Households are the decision making units where all decisions on types and 

amounts of inputs to be used in production process and managerial practices to be done are 

made. The decisions made in turn influence how inputs are efficiently transformed into outputs 

i.e. economic efficiency. This scenario is represented in a pictorial form as a conceptual 

framework (Figure 4) to guide this research study. 
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Figure 2.3. Conceptual framework of the study 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

Source: Adapted from the literature 
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CHAPTER 3 

3. RESEARCH METHODOLOGY 

This chapter presents about description of the study area, data type and source, sampling 

technique, sample size, methods of data analysis, model specification and related concepts. 

3.1 Descriptions of the Study area 

Libo Kemkem woreda is located in North West of the South Gondar Zone, the Amhara 

National Regional Statein the Northern part of Ethiopia. It is located 645 Km North of the 

capital city of the country and from Bahirdar 80 km. Itisbordered by Ebinat Woreda in the East, 

Lake Tana and Gondar zuria in t h e West, Fogera woreda in the Southand Arbaya (West) 

Belesa in the North. The woreda has 29 rural kebeles administrations and 2 urban kebeles. The 

administrative centre of this woreda is Addis Zemen, other towns in Libo Kemkem Woreda 

includes Yifag and Ambomeda (village town). The total area of the woreda is 100,030.65 ha, of 

which annual crops cover 38,702.60 ha. and the remaining land is allocated for grazing, forest 

and other purposes. Geographically, the woreda is located from 12070.30N to 12013.30 N of 

latitude and 3704.3E to 37051.00’E of longitude. The annual rainfall of the study area ranges 

from 1000-1500mm which occurs mainly in June, July, August and September with anannual 

temperature of 11.1 - 27.90C. The study area has a total population of 230,042 of which 51.18% 

are male and 48.82% are female. More over, among these 95.84 and 4.16% live in rural and 

urban areas respectively (Libo Kemkem Woreda Administration Office /LKWAO,2013 E.C). 

The land scape of this woreda is divided into two types the high land (Dega) in the north part 

and fertile lowlands in the South toward the Rib River. An additional idea has fulfilled their 

livestock has additional components of the smallholder farming systems and sources of 

intermediate products in the woreda that has been studied. Cereal crops mainly teff chaff, Dry 

Matter and chickpea chaff are stacked and fed to livestock during any season in the woreda. 

The project data from the Agriculture and Rural Development Office (ARDO) in the woreda 

revealed that there are about 9,209 teff producer, small holder farmers, among the 29 Kebeles 

(ARDO, 2013 E.C).  
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AMHARA REGION –SOUTH GONDAR ZONE – LIBO KEMKEM WOREDA 

 

 
 
Figure 3.1:Geographical location map of the stud yarea 

Source:Own sketch from google earth. 

 

3.2. Data Type and Source 

To achieve the objectives of the study, what factors determine farmers’ efficiency of teff 

production used both quantitative and qualitative data. Researchers typically select the 

quantitative approach to respond to research questions requiring numerical data, the qualitative 

approach for research questions requiring textural data, and the mixed methods approach for 

research questions requiring both numerical and textural data (Carrie, 2007). Well designed and 

implemented quantitative research has the advantage of making generalizations to a wider 

population from the sample. To enhance the generalization of findings, quantitative research 
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approach follow standardized procedures in sample selection, instrument design, 

implementation and analysis (Creswell, 2003). A qualitative research approach uses strategies 

of inquiry including narratives, ethnographies, case studies, observations, interviews, and the 

findings are communicated subjectively through descriptions using words rather than numbers 

(Creswell, 2003). 

About the data sources, the researcher uses both primary and secondary sources. The primary 

source of data was collected from the formation of a questionnaire to smallholder farmers who 

have produced teff and other crops in the area by interviewing orally and enumerators fill the 

question prepared in the local language. The secondary data were collected from the bureau of 

agriculture in Libo Kemkem woreda and related institutions as well as from related literature 

which helps as a source of study. 

The data which the researcher used is cross-sectional data. To collect reliable and appropriate 

data with manageable time, the close and open-ended questions will first translate into the local 

Amharic language. 

3.3. Study Population 

The target populations of the study were teff producing small holder farmers in Libo Kemkem 

woreda from which four kebeles were selected purposively. These include Taragedam, Shiwoch-

Tahara, Birra and Estifanos kebele’s of teff producing farmers. 

3.4 Sampling Technique and Sample Size 

Since it is not applicable enough to cover the cost as well as other constraints to research all 

elements of the population; this study was conducted on selected but representative samples. 

Two-stage random sampling procedures were employed to draw a representative sample. In the 

first stage, four kebeles were selected from 31 kebeles purposively because at those kebeles 

there is a high amount of teff production compared to others. In the second stage, the sample of 

smallholder farmers is selected using a simple random sampling technique from each selected 

kebeles based on probability proportional to the size of teff producers in eachof the four 

selected kebeles. The sample size was determined based on the formula of  Yamane, (1967) to 

determine the required sample size at 95% confidence level, degree of variability 0.5 at the 

desired level of precision which was taken to be 8% margin of error because of homogeneity 

of teff producing smallholder farmers. 
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𝑛 =
𝑁

1 + 𝑁(𝑒2)
                                                                                               (3.1) 

Where n-Denotes sample size; 

              N-Denotes total number of teff producer household heads in the woreda and 

                     e-Denotes margin error 

 

9,209

1 + 9,209(0.082)
    𝑛 = 154.64 ≈ 155                                          

The sample size will be 155. The sample size following the size of the kebeles is presented in 

table 1. 

Table 3.1: Distribution of sample households by kebele 

Name of Kebele       Teff producing households    Sample proportion(%) Sampled households 

Taragedam              475              31      48 

Shiwoch-Tehara             460              30      46 

Birra             335              22      34 

Estifanos             265              17      27 

Total            1535             100 155 

Source own computation (2020/2021) 

3.5. Methods of Data Collection 

The data was collected for the 2020/2021 cropping season using a structured questionnaire. The 

questionnaire was prepared in the English language;- but to collect reliable and appropriate data 

with manageable time, the questionnaire was first translated into the local language (Amharic) 

and distributed to the farmers.  
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3.6. Methods of Data Analysis and Estimation Techniques 

To address the objective of the study, both descriptive statistics and econometric methods of 

data analysis were employed. 

3.6.1. Descriptive Analysis 

Descriptive statistics such as mean, standard deviation, maximum, minimum, frequency and 

percentage value of variables are computed to characterize the productivity and efficiency 

status of teff producer farmers in the study area. 

3.6.2. Econometric Analysis 

There are two approaches in measuring the efficiency of a decision making unit; input oriented 

and output-oriented. Given that we are considering developing country settings input quantities 

appear to be decision variables (Solomon, 2012). Hence for this study preference is made to the 

input oriented /primal approach. 

A single-stage stochastic frontier approach was used to analyze various factors that determine 

teff productivity and to estimate TE of teff producing farmers in the study area. The Tobit 

model has been used to identify and analyze factors that affect the AE and EE efficiency levels 

of the farmers. A stochastic frontier analysis (SFA) method of efficiency analysis has been used 

to analyze determinants of the efficiency of teff production. This is because, in the most 

developing world where random errors (measurement error, weather and natural disaster) are 

common, stochastic frontier production function (SFPF) is a relatively better measure of 

efficiency (T. J. Coelli, 1995b). And since it was assumed that the explanatory variables of the 

inefficiency and the independent variable (i.e inputs) in the production function are 

uncorrelated (Sergio & Ambra, 2014). 

The parameters for the stochastic production frontier model in the first stage of estimation used 

the Maximum Likelihood Estimation (MLE) technique of frontier regression in which both 

technical efficiency and factors of inefficiency are analyzed simultaneously. The parameters of 

the allocative and economic inefficiency model in the second stage were estimated by using 

Tobit regression. The Tobit model by Schnedler, (2005) is an appropriate tool since the 

efficiency scores are censored, and they cannot exceed 1 nor be lower than 0. The idea at the 

basis of the Tobit model is that it observes the variable only with in bounded limits (Greene, 
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1980; Battese & Coelli, 1995). For both techniques of data analysis, Stata (version 15) and 

Excel are used.  

3.6.3. Specification of Empirical Models 

The prime objective of this study was to estimate technical, allocative and economic 

efficiencies of teff production and to identify and analyze various determinants of technical, 

allocative and economic efficiencies in teff production among teff producing farmers in the 

district. 

To this end, the stochastic frontier production model was being adopted. The stochastic frontier 

production function was originally developed by Aigner et al., (1977) and Meeusen & van Den 

Broeck, (1977). 

This implies that SFA splits the error term into two additive components namely; asymmetric 

component which represents the effect of statistical noise (e.g. weather, topography, 

distribution of supplies, measurement error, etc.) which are uncontrolled and exogenous to the 

farmer contained in every empirical relationship, particularly those based on cross-sectional 

household survey data. The other error component captures systematic influences that are 

unexplained by the production function and are attributed to the effect of inefficiency (Tijani, 

2006). Moreover, this technique is consistent with most of the agricultural production 

efficiency studies (Olarinde et al, 2008). 

Following Aigner et al.,(1977) and Meeusen & van Den Broeck, (1977), the general functional 

form of a stochastic frontier model for this study is specified as follows: 

 

𝑌𝑖 = 𝑓(𝑋𝑖, 𝛽𝑖) + 𝑣𝑖 − 𝑢𝑖          𝑖 = 1,2,3, … . 𝑛                                  (3.2) 

Where: 

i - Denotes the number of sample households 

ln(Yi) - Denotes the natural log of the (scalar) output of the ith household; 

f ( Xi, βi) is a convenient frontier production function (e.g. Cobb-Douglas); 

Xi-Represent a vector of input quantities used by the ithhousehold 

 βi-Denotes a vector of unknown parameters to be estimated 
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vi - is an asymmetric component and permits a random variation in output due to factors 

beyond the control of the decision making unit such as weather, omitted variables and other 

exogenous shocks. It is assumed to be independently and identically distributed N~(0,σ2
v) and 

µi-intended to capture inefficiency effects in the production of teff measured as the ratio of 

observed output to maximum feasible output of the ith farmer. It was assumed to be 

independently and identically distributed as half u~N(u,σv). The technical efficiency (TE) of an 

individual firm is estimated as the ratio of the observed output to the corresponding frontier 

output. 

 Although a stochastic frontier method needs prior specification of the functional form, for the 

study, the Cob-Douglas production function is selected. Since Cobb Douglas is not linear in 

parameters, output input data is transformed into linear specification form by using a natural 

logarithm. The model used for this study is specified in the following form.   

𝑙𝑛𝑌𝑖 = 𝛽𝑜 + ∑ 𝛽𝑗𝑙𝑛𝑋𝑖𝑗 + 𝜀𝑖, 𝑤ℎ𝑒𝑟𝑒 𝜀𝑖 = 𝑣𝑖 − 𝑢𝑖                                             

6

𝑗=1

(3.3) 

ln= shows the natural logarithm 

j=refers the number of inputs used to produce teff in the study area 

i= shows the ith teff producers (farmers)  in the samples 

Yi=shows the observed teff production of the ith farmers (teff output in qt). 

Xi=showsa j×1 vector of input variables (seed, land, Urea, DAP, labour, oxen, pesticide ). 

𝛽𝑗= is a j×1 vector of the corresponding coefficient vector (they are elasticity coefficients). 

𝜀𝑖 =shows the disturbance terms. 

𝑣𝑖 =accounts for the stochastic effects beyond the farmer’s control, measurement error and 

other statistical noises (it is a zero-mean random error). 

𝑢𝑖 =captures the technical inefficiency and it assumed independent of vi and iid N (0, δ2) 
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The linear functional form of the Cobb- Douglas production function used in the study is given 

below:- 

ln(𝑜𝑢𝑡𝑝𝑢𝑡) = 𝛽𝑜 + 𝛽1 ln(𝐿𝑎𝑛𝑑) + 𝛽2 ln(𝑠𝑒𝑒𝑑) + 𝛽3ln(𝑓𝑒𝑟𝑡𝑖𝑙𝑖𝑧𝑒𝑟) + 𝛽4 ln(𝑐ℎ𝑒𝑚𝑖𝑐𝑎𝑙)

+ 𝛽5 ln(𝑙𝑎𝑏𝑜𝑟) + 𝛽6 ln(𝑜𝑥𝑒𝑛 ) + 𝑣𝑖 − 𝑢𝑖                                                         (3.4) 

Aigner et al. (1977) proposed the log likelihood function for the model in equation (3.3) 

assuming half normal distribution for the technical inefficiency effects u . They expressed the 

likelihood function using 𝜆  parameterization, where 𝜆 is the ratio of the standard errors of  the 

non-symmetric to symmetric error term (i.e 𝜆 =
𝜎𝑢

𝜎𝑣
). However, Battese and Coelli (1995) 

proposed that the 𝛾 parameterization, where  𝛾 =
𝜎𝑢

2

𝜎𝑣
2+𝜎𝑢 

2     to be used instead of 𝜆. The reason is 

that could be any non-negative value while 𝛾 ranges from zero to one and better measures the 

distance between the frontier output and the observed level of output resulting from technical 

inefficiency. However, there is an association between 𝛾  and 𝜆.  According to Bravo and 

Pinheiro (1997) gamma (γ) can be formulated as 𝛾 =
λ2

1+λ2         

 𝛾 Parameter has a value between zero and one. When it is zero, it indicate that technical 

inefficiency effects are absent in the data. The implication is that the estimated SFA model 

reduces to a simple OLS regression since all variation is due to random noise. When is closer to 

one, the model indicates that most of the variation in output is due to technical inefficiency and 

therefore, confirms the appropriateness of SFA technique to evaluate the data.         

The production function could also be estimated through an alternative form, called dual, such 

as cost or profit function. According to Arega & Rashid (2005), inadequate farm-level price 

data together with little or no input price variation across farms in Ethiopia precludes any 

econometric estimation of a cost function. This problem will be simplified if one uses 

functional forms which are not flexible such as Cobb Douglas production function 

(Kumbhakar, 1991). The self dual functional form allows the cost frontier to be derived and 

used to estimate AE when farmers face the same price. 

 

About functional forms, Coelli and Battese (1995) discussed three common functional forms 

namely Cobb Douglas, Translog and Zellner-Revankar generalized production functions. Each 
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functional form has its strength and short comings. The Cobb Douglas production function is 

mostly used for its simplicity; ease of estimation and interpretation. On the other hand, the 

Translog functional form imposes no restrictions up on returns to scale or substitution 

possibilities and the Zellner-Revankar form removes the return to scale restriction. However, 

these functional forms are susceptible to multicollinearity and degree of freedom problem. 

 

When farmers operate in small farms, the technology is unlikely to be substantially affected by 

variable returns to scale (Coelli, 1995). Moreover, Cobb Douglas's production function has 

been employed in many types of research dealing with efficiency (Bravo-Ureta &Pinheiro, 

1997; Jema, 2008; Kareem et al., 2010). Therefore, it was also adopted for this study. 

The dual cost function of the Cobb-Douglas production function can be specified as: 

𝑙𝑛𝐶𝑖 = 𝛽𝑜 + ∑ 𝛽𝑗𝑙𝑛𝑊𝑗𝑖

6

𝑖=1

+ 𝛽7 𝑙𝑛𝑌∗                                                                               (3.5) 

Where, 

lnCi-Denotes the logarithm of the cost of production of the ith firm 

Wij-Denotes a vector of inputs price and output of the ith firm 

Y* refers to adjusted  farm output for noise, vi and 

βs  are parameters to be estimated 

We can rewrite equation (3.7) in the following form 

 

ln(𝐶𝑜𝑠𝑡) = 𝛽𝑜 + 𝛽1lnwland + 𝛽2 ln wseed + 𝛽3 ln wfertilizer + 𝛽4 ln wchemical + 𝛽5 ln wlabour

+ 𝛽6𝑙𝑛𝑤𝑜𝑥𝑒𝑛 + 𝛽7𝑙𝑛𝑌∗                                                                                        ( 3.6) 

 

Where ln(cost) is the minimum cost of teff production incurred to produce teff, and w is the 

average price of inputs used in teff production. 

The minimum cost is derived analytically from the production function, using the 

the methodology used in Arega and Rashid (2006). Given an input-oriented function, the 

efficient cost function can be specified as follows: 

MinC = ∑ Wj

6

j=1

𝑋𝑗           Subjects to  𝑌∗  = 𝐴̂ ∏ 𝑋𝑗
𝛽𝑗̂

6

𝑗=1

                                                                   (3.7 )  

Where, 𝐴̂  = exp (𝛽̂𝑜) 
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The solution for the problem in the above equation is the basis for driving the dual cost frontier. 

Substituting the input demand equations and Yield adjusted for stochastic noise (predicted 

value of yield) in the minimization problem above, the dual cost function can be written as 

follows: 

𝐶(𝑌̇𝑖, 𝑊) = 𝐻𝑌𝑖
∗𝜇

∏ 𝑊
𝑗

𝛼𝑗                                                                                                        (3.8  )    

6

𝑗=1

 

𝛼𝑗 =   𝜇𝛽𝑗
^,         𝜇 = (∑ 𝛽𝑗

^

6

𝑗=1

)

−1

 ,    𝐻 =
1

𝜇
(𝐴̂ ∏ 𝛽̂𝑗

𝛽𝑗̂

6

𝑗=1

)

−𝜇

 

 
 

According to (Sharma et al., 1999), the explained cost measures enable to estimate AE and 

further EE. We can define the farm-specific technical efficiency in terms of observed output 

(Yi) to the corresponding frontier output (Yi*) using the existing technology. 

 

We can define the farm-specific technical efficiency in terms of observed output (Yi) to the 

corresponding frontier output (Yi*) using the existing technology. 

𝑇𝐸 =
𝑌𝑖

𝑌∗
 =

𝐴𝑐𝑡𝑢𝑎𝑙 𝑦𝑖𝑒𝑙𝑑

𝑃𝑜𝑡𝑒𝑛𝑡𝑖𝑎𝑙 𝑦𝑖𝑒𝑙𝑑
                                                                                                   (3.9) 

 

According to Mekuriaw (2020),  farm-specific allocative efficiency is defined as the ratio of 

minivmum production cost (C*) to actual/observed total production cost (C). 

𝐴𝐸𝑖 =
𝐶∗

𝐶
  = exp (𝑈𝑖)                                                                                                           (3.10) 

 

The EE index can be derived from Equations (3.9) and (3.10) as follows: 

𝐸𝐸𝑖 = 𝑇𝐸𝑖 ∗ 𝐴𝐸𝑖                                                                                                                  (3.11)  
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3.6.4. Determinants of (in)efficiency 

After quantification of technical, allocative and economic efficiency measures, a second stage 

analysis is a regression of measures on several hypothesized socio-economic and institutional 

factors affecting the inefficiency of farmers. To identify the determinants of farm (in) 

efficiency single stage SFA for TE because of consistency, and Tobit Regression model for AE 

and EE has been used, while the alternative  Ordinary Least Square (OLS) estimation will give 

inconsistent, inefficient and biased estimates because it underestimates the true effect of the 

parameters by reducing the slope (Gujarati, 2003). It is pertinent to prefer this model in cases 

where the dependent, AE and EE variables are constrained in some way. Since the present 

study's dependent variable (AE and EE) are censored variable that lies between 0 and 1.  

To determine the relationship between socioeconomic and institutional factors and the 

computed indices of efficiencies, a Tobit model was utilized. The Tobit model was adopted 

because the efficiency scores are double truncated at 0 and 1 as the scores lie within the range 

of 0 to 1. 

Then,the Tobit regression model (Tobin, 1958) is specified as: 

𝑦𝑖∗ = 𝛿𝑜 + 𝛿𝑛 𝑍𝑖𝑛 + 𝜇                                                                                             (3.12) 

Where 

𝑦𝑖∗ −   refers latent variable representing inefficiency score of allocative and economic 

inefficiencies of the ith farm, 

n- represent the number of factors affecting efficiency 

𝛿𝑛 - represents vector parameters to be estimated 

𝑍𝑖𝑛= vector of explanatory variable n (n= 1, 2.3, 4….n) for farm j and 

𝜇  is an error term that is independently and normally distributed with mean zero and variance 

∂2. 

Yi=shows the observed variables. 
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𝑦𝑖 = {

1            𝑖𝑓    𝑦𝑖 ∗≥ 1
  𝑦𝑖 ∗        𝑖𝑓  0 < 𝑦𝑖 ∗< 1

0              𝑖𝑓  𝑦𝑖 ∗≤ 0     
 

This shows that the distribution of the dependent variables is not normally distributed, while 

values vary between 0 and 1. 

The reduced form of the Tobit regression model can be written as: 

𝑦𝑖
∗ = 𝛽0 + 𝛽1𝑋1 + 𝛽2𝑋2 + 𝛽3𝑋3 + 𝛽4𝑋4 + 𝛽5𝑋5 + 𝛽6𝑋6 + 𝛽7𝑋7 + 𝛽8𝑋8 + 𝛽9𝑋9 + 𝛽10𝑋10 +

           𝛽11𝑋11 + 𝛽12𝑋12 + 𝑈𝑖                                                                                                        (3.13)                                                                                                      

 

Where  

𝑦𝑖∗
 = the dependent variable (Efficiency Scores ranges between 0 to 1) 

X1 = age of the household; X2 = sex; X3 =education; X4 =teff production experience;  

X5 = family size; X6 = input access; X7 = plot proximity to home ;X8 =fertility of teff plot;  

X9 =livestock, X10 =extension contactX11=farm size;X12=credit and Ui = the error term. 

3.6.5. Definition and Description of Variables and Hypothesis 

Several dependent and independent variables were chosen to be included in each model 

explained previously. Descriptions of these variables, their measurements, and associated 

hypotheses to be tested under each analytical framework were explained as follows. 

3.6.6. Definitions of Variables used in the Stochastic Frontier Production 

The formation of the model may be influenced by several working hypotheses. It was 

hypothesized productivity and technical efficiency of wheat production will be influenced by 

the combined effect of several factors related to farmers’ objectives and constraints (CIMMYT, 

1993). Based on previous literature, variables in the model which are hypothesized to influence 

the productivity of teff positively (+), negatively (-), or maybe positively and negatively (±) in 

the study area were described below. 
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Dependent variable:  

Teff output(Y): is the continuous and dependent variable measured in quintal during the 

2020/2021 cropping season.  

Independent Variables: 

Improved seeds (SEED): it is a continuous variable measured in kg. Seed is an essential 

agricultural input, which affects production. Improved seeds may withstand drought and erratic 

rainfall distribution when they are resistant to moisture stress. They can increase agricultural 

productivity by boosting overall production (Gemechu, 2017). Therefore, this variable is 

hypothesized to have a positive and significant effect on the productivity of teff production. 

Chemicals: These are inorganic chemicals that were used to fight pests that attack the crop 

both on the farm and post-harvest. And it is a continuous variable that measures in litres. And 

as supported by Dawit, (2020), this variable is expected to have a positive effect on the 

productivity of teff production. 

Land: It refers that the physical quantity of land (owned,shared and rented) allocated to 

production during the production season of 2020/2021 and measured in a hectare. It has been 

considered continuous. 

Fertilizer:is one of the major inputs for crop production (Tolesa, 2018). Farmers commonly 

apply NPS and UREA for teff production in the study area in equal amounts. It was a 

continuous variable measured in kg. Fertilizer plays a vital role in teff production since no 

matter how large and small the farm size is, if it is applied properly, yields will increase 

(Tesfaye et al., 2015). The rate of application of this productivity-enhancing input matters to 

maximize teff yield. Therefore; this variable is hypothesized to have a positive and significant 

effect on the productivity of teff production. 

 

 Labour: it was a continuous variable and may include family labour, exchange labour and 

hired labour which usd for teff production such land preparation, ploughing, planting, input 

application, cultivation, and different agronomic practice in the production season. But the 

differences in sex and age among labor would be expected. Hence to make a homogeneouse 

group of labor to be added, the indivisual labor was changed in to man-days (MDs) equivalent 

using Storck et al., (1991) as cited in Solomon, (2012).  
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Oxen: Since farmers in the study area are small-scale and less mechanized, a paire of oxen was 

used as majore inputs for the agricultural activities in the production of teff crops.Hence, it was 

a continuous variable measured in pair of oxen day to perform activities by the sample 

respondents related to teff production. 

3.6.7 Cost function variables (Input prices) 

The input prices were used to estimate the cost frontier function. These variables were assumed 

to be positively related to the total variable cost of teff production. The amount 

that was paid by farmers (56.birr per kg) to purchase seed was recorded mean price. The 

the unit price for the land was estimated using the local average rental cost in the area, which 

was 8000 Birr/Ha. For labour, the average wage rate for hired labour, 120 Birr/man-day, was 

used. Pair of oxen power was estimated as the amount of cash paid for the rental per oxen day 

andthe mean price used from this survey was 300 birr per pair oxen-day. As far as fertilizer 

(both Urea and NPS) and chemicals are concerned, the current averagemarket values of 15.50 

Birr/kg and 500 Birr/litre were used respectively. 

3.6.8. Definitions of Variables Used in Efficiency Models. 

Dependent variables: 

The dependent variables for this model in this study are technical efficiency, allocative 

efficiency and economic efficiency scores of teff production obtained from SFPF. 

Age:It is a continuous variable that refers to the age ofthe household head measured in years. It 

is believed that age can serve as a proxy forexperience. Age of household-related positively to 

efficiency (Kiflie et al., 2017). In this case,farmers with more years of experience are expected 

to be more efficient. However, as thefarmer gets older his labour productivity is expected to 

decrease. But the age of household head to the efficiency of teff producer is positive in this 

study.  

Sex:This is a dummy variable that takes a value of 1 if thehousehold head is male and zero, 

otherwise. It is hypothesized that male-headed householdsare more efficient than female-

headed households in teff production. This is because male household heads are more exposed 
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to farming operations; they have better practical experiences in farming operations and would 

probably use inputs optimally than females do. This hypothesis is supported by Tolesa (2018). 

Familysize:Itisthe total number of a family member who lives in one roof (number of people 

living together and utilizing scarce resources) measured in adult equivalent. Empirical studies 

by Dawit (2020) and Fekadu & Bezabih (2008) showed that family size was positively and 

significantly affected the efficiency level of the farmer. Thus,the family size was expected to 

have a positive influence on the technical efficiency of farmers in the study area. 

Education of the household head: It is a dummy variable that takes avalue of 1 for educated 

household hade and 0 other wise. This is usedas a proxy variable for the managerial ability of 

the decision-making unit (household head). It is assumed that through education, the quality of 

labour is improved and he/she become active to adopt new technologies. Accessto education 

together with increased experience could guide to better management of farmactivities. The 

role of education toward improving farmers’ efficiency is now widely accepted, in that it 

enables them to understand the socio-economic conditions governing their farming activities 

and learn how to collect, retrieve, analyze and disseminatein formation. A lot of empirical 

studies showed that education is one of the most recognizedfactors in determining the 

efficiency level of thefarmers in the worldand resulted that education determined efficiency 

positively and significantly (Ali & Khan, 2014; Moges, 2017; Tolesa, 2018 and Yimer, 2017). 

Hence,in thisstudy education was expected to have negatively related to teff production 

inefficiency. 

Plot proximity: This was the distance between the farm where teff is cultivated and the 

residence of the respondents which is measured in hours/minutes of walking time. As the plots 

are farther from the residence, it is more difficult to manage the plots timely (Getachew,2018; 

Ermias, 2019). Based on this argument, it is hypothesised that the household heads living 

nearby to his plots are more efficient than the ones living at the farthest distance from the plots. 

Farmsize: This is measured as the area of the cultivated crop (own, shared orrented) during the 

2020/21 production year in hectares under the household management.It isimportant toevaluate 

whether relatively large farmers are more efficient or not than small onesand ishypothesized 

that as the farm size in creases the efficiency of the farmer decrease. This is because;  

households with a larger area of cultivated land have less management attention. The findings 
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of Moges et al., (2018) and Tolesa, (2018) indicates that the total area cultivated harms 

efficiency. 

 

Input access: it was for accessing farming inputs at the right time and amount. A major 

problem facing farmers in the LDCs is the unavailability of inputs on a timely basis or in the 

quantity required (Arega et al., 2003). Unable to get agricultural inputs timely make farms are 

creating a problem of using farming time and labour timely and efficiently. Thus, in this study, 

the variable expects to have a positive effect on the efficiency of teff producing farmers. And it 

was taken as a dummy variable i.e. 

1, if farmers are accessed farming inputs at the required time and amount 0, otherwise 

Teff production experience: It was taken as a continuous variable measured in the number of 

years the farmer spent in the production of teff. This variable was hypothesized to have a 

positive effect on farm efficiency as experienced farmers would acquire knowledge and skills 

that are required for prudent resource allocation. Mussa et al. (2014) found that experience is 

positively related to technical and allocative efficiencies. 

Credit access: This was a dummy variable that takes 1 (if yes) and 0 (otherwise). Since credit 

extended to the farmers for production purposes, it encourages farmers to buy purchased inputs, 

like fertilizers, pesticides and high yielding varieties of seeds. Credit becomes significant for 

capital formation in the agricultural sector. Agricultural investment credit showed that credit 

has a positive and significant effect on agricultural production (Yimenu, 2017). A household 

that has access to credit does initiate to use other agricultural inputs (Mekuriaw, 2020; Tolesa, 

2018) Thus, it is assumed to have a positive impact on the productivity of teff production.  

 

Extension contact: This variable was measured as adummy variable of the frequency of 

contacts with extension workers in a year. The higher the linkage between farmers and 

development agents, the more the information flows and the technological (knowledge) transfer 

from the latter to the former. Those farmers who have frequent contact with development 

agents are likely to produce better than others. Extension contact was found to affect economic 

efficiency positively in the work of Solomon, (2014) 
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Livestock size: This is the total number of livestock owned and it is a continuous variable 

measured in numbers in terms of Tropical Livestock Unit (TLU). Farmers may want to 

consider using draft horses, mules or oxen (Tolesa, 2018). The traditional agricultural system in 

the Ethiopian highlands depends on livestock mainly oxen for cultivation, and draft power is 

usually the most important product of cattle kept by these farmers(Solomon, 2014). Livestock 

could support crop production in many ways; they can be a source of cash, draft power and 

manure that will be used to maintain soil Livestock ownership (Solomon, 2012).Therefore, this 

explanatory variable expects to have a positive and significant effect on teff productivity. 

Fertility of teff plot: It was treated as a dummy variable that takes a value of 1 if the 

household head perceives his/her plots as fertile and 0 otherwise, by considering that the soil 

with high fertility may have a positive response to the fertilizer application. The more the land 

is fertile, the better the gain will be (Milkessa, 2018). In this study, soil fertility was not 

determined by analyzing the soil samples. Farmers were asked to categorize their land as fertile 

and infertile as they know from their indigenous knowledge. Therefore, it was hypothesized 

that a farmer who allocated a fertile land for teff production was more efficient than their 

counterparts (Mekuriaw, 2020). 

Table3.2. Summary of hypothesized variables of production frontier model 

Notation Variable Measurement Unit Expected sign 

Output The total amount of teff yield   Quental     + 

Seeds The amount of Improved seed used 

for teff production 

  Kilogram    + 

Chemicals inorganic chemicals used to fight 

pests 

  Litre    + 

Land Area of land used for teff production   Hectare    + 

Labour Amount of labour employed in teff 

production 

 Man-days    + 

Fertilizer The amount of NPS/urea used for 

teff production 

 Kilogram    + 

Oxen Number of Oxen used for teff 

production 

 

 Oxen-day     + 

Source own construct, 2020/2021 
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Table3.3. Summery of efficiency variables and their expected sign 

 

Variable name Definition Type Measure Expecte

d sign 

Age Age of household head Continuous Years + 

Sex  Sex of household head Dummy 1=male, 

0=Female 

± 

Family size  Family size of the household Continuous Number  + 

Educational status  Educational status of the household 

head 

Dummy 

 

Uneducated=0 

Educated =1, 
± 

Plot proximity Distance of home to teff plot Continuous Hour - 

Experience  Farmers teff production experience  Continuous Year  

+ 

Farm size Totalcultivatedfarmsize Continuous Hectare - 

Input Access Timely supply of iputs Dummy 1=access, 0=not ± 

Extension contact  The number of times the farmer get 

extension contact 
Continuous 

 

Frequency + 

Credit     farmer has obtained Credit or not. Dummy 

 

1=yes, 0=no 

 
± 

Fertility of teff plot      if teff pot is fertile or not Dummy 

 

1=Fertil, 

0=Infertile 

 

± 

Livestock size The total livestock the farmer has  continuous              TLU + 

  

Source own construct, 2020/2021 
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CHAPTER 4 

4. RESULTS AND DISCUSSION 

This chapter has two sub-parts. The first part shows the descriptive results and the second part 

deals with econometric results from the stochastic frontier function and Tobit models. 

4.1. Descriptive Statistics Results 

Before discussing results obtained from the econometric models, it is important to briefly 

present demographic, socio-economic, farm and institutional characteristics of the sampled 

farmers in the study area and it also helps to draw a general picture about the study area and 

sampled households. 

4.1.1. Socio-economic and demographic characteristics of sample households 

Sex and marital status of sample households: About the sex of sample households, the result 

shows that about 16.77% of the sample households were female-headed and the remaining 

83.23% were male-headed. The result in Table 4.1 also showed that the total number of married 

widowed and divorced households were 120, 27 and 7 respectively. Females became head of 

households, when they were divorced or widowed, taking responsibility and starting farming in 

addition to home making role. 

Table 4.1. Sex and marital status of sample households 

Variable  Number of farmers Percent 

Sex Female 26 16.77 

Male 129 83.23 

Marital status Married  129 83.23 

Unmarried 4 2.58 

Divorced 8 5.16 

Widowed 14 9.03 

Total 155 100 

Age of sample households: Age is an important factor that affects the management experience 

of farms. The average age of the sample households during the survey period was about 44.19 

years with a minimum of 25 and a maximum of 65 years (Table 4.2). This implies that most of 

the household heads were within their productive age group. 
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Family size: family labour is also important for agricultural production. When family size 

increasesthe cost of labour were decreased. The average family size of the sample households 

was found to be 4.41 man- equivalents (Table 4.2). This implies that most households were 

used their labour without incurring external or additional costs.  

Farm size: the size of the land is the most important factor of production for the rural people in 

Ethiopia in general and the study area in particular. Farmers use most of their land for crop 

production. The result shows that the mean land owned by farmers in the study area was 1.84 

ha. As shown in table 4.1 the minimum and maximum size of land owned by farmers were 0.25 

and 3.5 ha respectively.  

Livestock ownership (TLU): Given a mixed farming system in the study area, livestock has a 

considerable contribution to farmer income and food security. On average the total livestock 

unit owned by sampled household were 7.27 with minimum and maximum 0.25 and 16.1 

respectively (Table 4.2). Among these livestock units, oxen power were of major importance 

for the farmer to land preparation sowing and cultivation. 

Table 4.2: Descriptive analysis results of continuous explanatory variables 

Variable description Minimum Maximum Mean Std. Dev 

Age of HH 25 65 44.19 8.55 

Experience of HH 4 40 21.53 7.74 

Family size 2 7.25 4.41 1.20 

Farmsize in Hectare 0.25 3.5 1.84 0.64 
Distance of teff  plot from home in a minute 5 90 30.32 16.82 

Live stock size in TLU .25 16.1 7.27 3.78 

Extension contact 0 7 2.78 1.76 

Distance to nearest market in a minute 2 90 39.75 19.07 

Source: own computation (2021) 

Plot Proximity: On average, the distance between the teff plot and the residence’s home was 

30.32 minutes ranging from a minimum of 5 minutes up to a maximum of 90 minutes as shown 

in table 4.2. 

Frequency of Extension Contact: extension service was focused on providing advisory 

services on major agronomic practices such as: - land preparation as well as preparation and 

application of chemicals and fertilizer, post-harvest handling, soil and water conservation 
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practices. The major sources of agricultural information for farmers are extension agents. 

Regular contact with extension agents makes farmers aware of the adoption of new 

technologies, which helps them to maximize agricultural production and productivity. The 

frequency of extension contact recorded ranges between 0 and 7 with a mean of 2.78. 

Distance to nearest market: Access to market infrastructure is one of the key constraints in 

the successful participation of smallholder farmers in market-oriented agricultural production. 

Moreover, the intensity of their integration is highly dependent on access to markets. 

Accordingly, the survey result, on average sample farmers ‘took 39.75 minutes from the 

residence to reach the nearest market (table 4.2). 

4.1.2. Descriptive statistics result for some selected dummy variables 

The educational level of household head: As indicated in table 4.3, education is one of the 

basic tools to increase the quality of labour through improving managerial skills and the 

tendency to adopt modern technologies. Education also increased experience that would enable 

farmers to better manage their farming activities. According to the survey result, only 42.58 % 

of households were educated while the remaining 57.42 % of households were uneducated.  

This means most farmers were uneducated. 

Access to credit:  in the study area there are both formal and informal lending institutions to 

give credit. Amhara Credit and Saving Institution /ACSI/ is the only formal source of credit in 

the study area. It provides credit to individual farmers under a group collateral system. Out of 

the total households, 54.19% of sample households had credit access. The other remaining from 

total sampled household head 45.81% of households is no access to credit. The households use 

the credit to purchase inputs and fulfilment other basic needs. The advantage of borrowing 

from ACSI Microfinance is that it encourages borrowers to save some money regularly. 
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Table 4.3: Descriptive statistics results of dummy explanatory variables. 

Variables Number of households  Percent 

Education level of the HH Educated  66 42.58 

Uneducated 89 57.42 

Access to credit  Access =Yes 84 54.19 

 No access=No 71 45.81 

Access to input Access =Yes 65 41.94 

Not access =No 90 58.06 

Fertility of Teff plot Fertile   58 37.42 

Infertile  97 62.58 

Source: own computation, (2021) 

Input access:from 155 total sample households, only 41.94% were got the required 

agricultural inputs at the right time and amount. This implies that there is a great problem 

delivering agricultural inputs (fertilizer, improved seed, new technology, information etc.) at 

the required time, quantity as well as quality. 

Soil fertility: The result of the survey showed that on average 37.42% of the land of the 

farmers is fertile while 62.58% is not fertile, based on their perception.  

4.1.3. Descriptive statistics of input variables used in the model 

This section presents summary statistics results of production variables used for analysis in the 

stochastic production frontier model cost frontier and Tobit model. 

Descriptive statistics of production function variables: 

The production function for this study was estimated using six input variables. These were: 

land, labour (family and exchange), oxen, seed (local and improved), inorganic fertilizer (NPS 

and Urea) and chemicals. Their mean and standard deviation of input Variables have been 

discussed as follows in table 4.4. 

On average sample, farmers obtained 11.93 quintals of teff per hectar. The average land area 

allocated to teff production (owned shared and rented land) by household was 1.11 ha and 

ranged from 0.25 ha to 2.5 ha.  

The amount of teff seed that sampled households used was 16.13 kg on average. Like other 

inputs, human labour and oxen power inputs were also important, given a traditional farming 
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system in the study area. Sampled households, on average, used 93.58 man equivalent labour 

and 35.54 oxen days for the production of teff during 2020/21 production season. Sample 

farmer households also on average used 198.62 kg and 3.02 litre of fertilizer and chemicals 

respectively. 

Table 4.4: Summary statistics of variables used to estimate the production function 

Variable Units  Mean Std. Dev. Min Max 

Output/Hectar Quental 11.93 6.649 1.5  38 

Land Hectare  1.11 0.507 0.25  2.5 

Seed Kilogram 16.13 6.57 3 34 

Fertilizer  Kilogram 198.62 93.841 50 500 

Chemical Litter  3.02 1.616 .01 8 

Labor Man day 93.58 34.053 6.5 168.5 

Oxen power  Pair oxen/day 35.54 17.935 6 84 

Source: own computation (2021) 

Descriptive statistics of variables used to estimate the cost function: 

As presented in table 4.5 the mean and standard deviation of each variable used in the cost 

function along with their involvement in the total cost of cultivation are discussed as follows.  

On average total cost of Birr, 36674.92 was required to produce 11.69 quintals of teff. Among 

the various factors ofproduction, the cost of labour and pair oxenaccounted for the highest 

share of 11,230.16 ETB and 10,662.58 ETB respectively. Following the cost of land and 

fertilizer, fertilizer and chemicals take 8933.58, 3078.60, 1510.98 ETB respectively out of the 

total cost of cultivation. Among other inputs,the costof seed took the smallest share of 1259.02 

ETB, out of the total cost of teff cultivation. 
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Table 4.5: Summary statistics of variables used to estimate the cost function 

 

 

Source: own computation (2021) 

Table 4.6:  Summary of efficiency model variables 

 

 

 

 

 

 

 

 

 

 

Source: own computation (2021) 

 

Variables Unit Mean Std. Dev. Min Max % share of 

TC 

Output Quintal 11.93 6.69 1.5 38 --- 

Total Cost of output Birr 36674.92 15034.66 6046 82870 --- 

Cost of land Birr 8933.581 4249.254 1500 25000 24.36 

Cost of seed Birr 1259.019 4480.662 168 56500 3.43 

Cost of  fertilizer Birr 3078.6 1454.533 775 7750 8.39 

Cost of chemical Birr 1510.984 808.373 5 4000 4.11 

Cost of labor Birr 11230.16 4086.368 780 20220 30.62 

Cost of oxen Birr 10662.58 5380.619 1800 25200 29.07 

Variable Mean Std. 

Dev. 

Percenta

ge of 

dummy 

variable 

=1 

Percentage 

of dummy 

variable=0 

 

Age of household  44.19 8.55   

Family size  4.41 1.20   

Total livestock unit  7.27 3.78   

Frequency of extension contact  2.78 1.76   
Distance to teff plot from home 30.32 16.82   

Farm size 1.84 0.64   

Experience of teff production  21.53 7.74   

Sex of household                       - 83.23 16.77 

Access to credit    54.19 45.81 

Access to input     41.94 58.08 

The educational level of household     42.58 57.42 

Soil fertility   37.42 62.58 
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4.2. Results of Econometric Analysis 

In this section, econometric results such as production and cost functions results of the models, 

efficiency scores and factors that affect technical, allocative, and economic efficiency of teff 

production in the study area are presented and discussed clearly. 

Before running to the econometric analysis, the data were tested against different econometric 

problems. Accordingly, the data were checked for heteroskedasticity using Breusch - Pagan 

test, and the result showed that there was no serious problem of heteroscedasticity. 

Multicollinearity test for all variables was also done using the Variance Inflation Factor (VIF). 

Specific to dummy variables contingency coefficient was calculated to test for the existence of 

multicollinearity problem. Test for multicollinearity using both methodologies also confirm 

that there is no serious linear relation among explanatory variables (Appendices 6-8). 

4.2.1. Hypotheses test 

Before discussing the model output, we begin with likelihood ratio (LR) tests to assess 

various assumptions related to the model specification. Generally, the log-likelihood form can 

be defined using equation (4.1) below. 

𝐿𝑅 = 𝜆 =  −2{Ln[L(Ho)] − Ln[L(H1)]} … … … …                                     4.1 

Where, L (𝐻0) and L (𝐻1) are the values of the log-likelihood function under the null and 

alternative hypotheses, respectively. Tests of hypotheses for the parameters of the frontier 

model was conducted using the generalized likelihood ratio statistics, λ, defined by Equation 

(4.1). Accordingly, we test three hypotheses, one for the existence of inefficiency, second 

whether the technical efficiency levels were better estimated using a half normal or exponential 

distribution  and the other for variables that explain the difference inefficiency. 

 

The first test was to check for the existence of the inefficiency component of the total error 

term of the stochastic production function. It is used to test the null hypothesis that the 

inefficiency component of the error term is equal to zero (γ=0) and the alternative hypothesis 

that implies the inefficiency component of the error term is different from zero (γ ≠ 0). 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 
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1 in this case for all models. As explained in Table 4.7, a one-sided generalized test of γ = 0 

provides a statistic of 227.64 which is significantly higher than the critical value of χ2  for the 

upper 5% at one degree of freedom (=3.84) and the null hypothesis was rejected. Rejecting the 

null hypothesis implies that the average response function estimated by OLS, which assumes 

that farmers are fully efficient and inefficiency effects are absent from the model is an 

inadequate representation of the data. 

Table 4.7: Generalized Likelihood Ratio test of hypotheses for parameters of SPF 

 
Null hypothesis Df LH0 LH1 LR Critical value 

(χ2,  0.95) 

       Decision  

𝐻𝑜: 𝛾 = 0 

𝐻1: 𝛾 ≠ 0 

1 -146.02 

 

-32.20 

 

227.64 3.84 Reject  Ho 

𝐻𝑜: 𝜇 = 0 

𝐻1: 𝜇 ≠ 0 

1 -32.20 -31.10 2.2 3.84 accept   Ho 

𝐻𝑜: 𝛿1 = 𝛿2 = ⋯ 𝛿12 = 0 

𝐻1: 𝛿1 ≠ 𝛿2 ≠ ⋯ 𝛿12 ≠ 0 

12 -32.20 -0.33 63.74 21.03 Reject   Ho 

 

Source: own computation (2021) 

The second test was to check whether the technical efficiency levels were better estimated 

using a half normal or exponential distribution of . If the null hypothesis is accepted 

half-normal distribution is the correct specification distributional assumption. The results 

indicated that the half-normal distribution was suitable for the sample households as the 

calculated LR value of 2.2 was less than the critical 2 value of 3.84 at 5% significance 

level with a degree of freedom equal to 1. 

The third hypothesis tested was that all coefficients of the inefficiency effect model are 

simultaneously equal to zero (H0: = 𝛿1 = 𝛿2 ... = 𝛿13 =0) against the alternative hypothesis, 

which states that all parameter coefficients of the inefficiency effect model are not 

simultaneously equal to zero. The null hypothesis is to mean that the explanatory variables in 

the inefficiency effect model do not contribute significantly to the explanation of efficiency 

variation for teff-producing farmers. It was also tested in the same way by calculating the  

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 
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that are supposed to determine efficiency level of each farmer, H1). Using the formula in 

Equation (4.1), the value obtained was 63.74, which is higher than the critical X2 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 the 

inefficiency effect model are simultaneously not equal to zero. Hence, these variables 

simultaneously explain the difference in efficiency among sampled farmers. 

4.2.2. Estimation of production and cost functions 

The result of the model (Table 4.8) showed that except chemical, labour and oxen-power the 

remaining input variables in the production function; land, Seed and fertilizer had a positive 

and significant effect at 5, 10,and 1 percent, respectively, levels of significant on the level of 

teff output. The MLE values of the coefficients can be interpreted as the elasticity of 

production. On average, as the farmer increases the area allocated to teff by 1 percent he/she 

can increase the level of teff output by 0.323 percent, keeping other factors constant. This 

informs that area of land was significantly different from zero and hence this variable was 

important in explaining teff production in the study area. Alternatively, this indicates teff 

production was more responsive to land. The result is consistent with the findings of Solomon, 

(2012);Tolesa, (2018); Moges, (2017); and Asfaw et al., (2019) 

Seeds: Are also important inputs for teff production in the study area. Farmer uses both local 

and improved teff variety for production. Mostly the producer uses local seed rather than 

improved seed. The coefficient of seed was 0.24 indicating that a one percent increase in the 

number of seeds would lead to an increase of the production of teff by 0.24% keeping another 

factor remaining constant. This result is also in line with the empirical finding of Yimer, 2017); 

Milkessa, (2018); and Tolesa, (2018). 

Fertilizer: It was also a major input (mineral) in determining the output level of teff production 

next to land in the study area. The coefficient of fertilizer has the expected sign and is 

statistically significant at 1%. This implies that if there is a one percent increase in fertilizer, 

teff output would result in an increase by 0.314 percent keeping other variables remaining 

constant. This implies that teff production was more sensitive for fertilizer in the study area 

followed by land and seed. The result was similar to the finding of Moges, (2017); Milkessa, 

(2018); amd Asfaw et al., (2019). 
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Table 4.8: Estimation of the Cobb Douglas frontier production function 

Variables   Parameters  Coefficient     Std. Err.  

Constant  𝛽0 -0.3221 0.5292  

Inland 𝛽1 0.3228** 0.1407  

Lnseed 𝛽2 0.2400* 0.1341  

Lnfertilizer  𝛽3 0.3135*** 0.0792  

Lnchemical 𝛽4 0.0202 0.0171  

Lnlabor 𝛽5 0.1046 0.0985  

Lnoxen 𝛽6 0.0810 0.1014  

Sigma-squared: σ2
u+ σ2

v        σ2 0.2573 0.0408  

Lambda : σu / σv           𝜆 4.3009 .0686  

Gamma: σ2
u/ σ

2   or  λ2/ (1+λ2)           γ 0.9486   

Log likelihood  -32.20   

Return to scale  1.082   

Note:   ***, ** and *. refers to 1%, 5%. and  10% Significance level respectively  

     Source: model output (2021)   

The returns to scale analysis can serve as a measure of total factor productivity(Solomon, 

2014). The coefficient was calculated to be 1.082, indicating increasing returns to scale (Table 

4.8). This implies that there is potential for teff  producers to continue and expand their 

production because they are in the stage I of the production area, where resource use and 

production is believed to be inefficient. In other words, a one percent increase in all inputs 

proportionally will increase the total production by 1.082%. Therefore, an increase in all inputs 

by 1% would increase teff output by more than 1%. This result is consistent with Fekadu & 

Bezabih, (2008); Kifle, (2017); Moges, (2017); and Tolesa, (2018) who estimated the returns to 

scale of  1.08 ,1.266, 1.74 and 1.034  in their  study of   technical and Economic efficiency 

ofsmallholder farmers in the  production of  wheat, maize and teff in different areas 

respectively. But contradict with study by Mekuriaw, (2021) on economic efficiency of teff 

production in Enemy wereda West Gogam zon , Ethiopia,found the return to scale 0.8468 

which falls on stage two. 

 

Based on λ, the gamma (γ) which measures the effect of technical inefficiency in the variation 

of observed output is derived using the formula (𝛾 = 𝜆2/[1 + 𝜆2]. The estimated value of 

gamma was 0.94.86 which indicated that 94.86% of the total variation in teff farm output was 

file:///C:/Users/MTU/Desktop/final%20thesis%20submission.docx%23_ENREF_22
file:///C:/Users/MTU/Desktop/final%20thesis%20submission.docx%23_ENREF_22
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due to technical inefficiency. The remaining 5.14% variation was due to random noise that is 

beyond the control of the farmers. 

The dual frontier cost function derived analytically from the stochastic production frontier is 

given by: 

𝑙𝑛𝐶𝑖 = 4.84 + 0.138𝑙𝑛w𝑙𝑎𝑛𝑑 + 0.0.0097𝑙𝑛w𝑠𝑒𝑒𝑑 + 0.1129𝑙𝑛w𝑓𝑒𝑟𝑡𝑖𝑙𝑖 + 0.0228𝑙𝑛wchemical

+ 0.0439𝑙𝑛w𝑙𝑎𝑏𝑜𝑟 + 0.064𝑙𝑛w𝑜𝑥𝑒𝑛 + 0.5508𝑙𝑛𝑌 ∗                                   4.2  

Where C 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 w stands for input cost. 

4.2.3. Efficiency scores of sampled households 

The model output presented in Table 4.8 indicates that the mean values of technical, allocative 

and economic efficiencies of the sample households were about 70.62, 50.14 and 35.47% 

respectively. This shows that there was a low average EE score, which was attributed to both 

allocative and technical efficiency of teff producers. 

Table 4.9: Estimated technical, allocative and economic efficiency scores 

Variable Observation Mean Std. Dev. Min Max 

TE 155 0.7062 0.1696 0.1933 0.9563 

AE 155 0.5014 0.0582 0.1320 0.6818 

EE 155 0.3547 0.0928 0.0552 0.5413 

Source: model output (2021) 

As indicated in table 4.9, farmers in the study area wear relatively good in technical efficiency 

than in allocative and economic efficiency. The mean technical efficiencies of the sample 

household were 70.62% with the minimum and maximum efficiency levels of about 19.33% 

and 95.63% respectively. This shows that there is a wide disparity among teff producer farmers 

in their level of technical efficiency which in turn indicates that, there exists room for 

improving the existing level of teff production through enhancing the level of farmers’ 

technical efficiency. Hence, farmers on average can decrease inputs (land, seed, fertilizer, 

chemical, labour, and oxen) by 29.38% to get the output they are currently getting. In another 

word, if resources were efficiently utilized, the average farmer could increase current output by 

29.38% using the existing resources and level of technology. If the average farmer in the 

sample was to achieve the technical efficiencies level of its most efficient counterpart, then the 
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average farmer could realize a 26.15% [1-(0.7062/0.9563)*100] reduction of inputs used to 

produce the output of the most efficient counterpart. Similarly, the most technically inefficient 

farmer was to achieve the technical efficiency level of his/her most efficient counterpart; then 

the least efficient farmer could realize 79.78% [1-(0.1933/0.9563)*100] reduction of inputs 

used to produce the output of the most efficient counterpart. The technical efficiency estimate 

is consistent with the results obtained by ( Fekadu & Bezabih, 2008; Getachew, 2018; Tolesa, 

2018) with their mean TE of 71.9%, 70.9% and 71.65%  respectively. But higher compared 

with the results of(Mussa et al., 2014; Wudineh & Endrias, 2016) whose mean of  TE was 

52.02% and 57 % respectively. 

The mean of allocative efficiency in the sampled household was 50.14% (Table 4.9).The result 

indicates that on average sample households in the study area could increase teff output by 

26.45% of households used the right inputs and produced the right output relative to input costs 

and output price. A farmer with an average level of allocative efficiency would enjoy a cost 

saving of about 26.45% derived from (1– 0.5014/0.6818)*100 to attain the level of the most 

efficient farmer. The most allocative inefficient farmer would have an efficiency gain of 

80.63% derived from (1-0.1320/0.6818) *100. The result is in line with the finding of  

(Solomon, 2012) on the economic efficiency of smallholder farmers in wheat seed production 

in the Amhara region with a mean of AE 48%  but low as compared to Telosa, (2018) with a 

mean of AE 70.09% on the economic efficiency of maize production of Oromia region. 

The mean economic efficiencies of the sample household were 35.47%, which showed that 

there was a significant level of economic inefficiency in the production process. That is the 

producer with an average economic efficiencies level could reduce the current average cost of 

production by 34.47% to achieve the potential minimum cost level without reducing output 

levels. It can be inferred that if farmers were to achieve 100% economic efficiencies, they 

would experience substantial production cost savings of 74.53%. This implies that the 

reduction in the cost of production through eliminating resource use inefficiency could add 

74.53% of the production cost to their annual income. It also indicated that the farmer with an 

average level of economic efficiencies would enjoy a cost saving of about 34.47% derived from 

[1−(0.3547/0.5413)*100]to attain the level of the most efficient farmer. The most economically 

inefficient farmer would have an efficiency gain of 89.80%[1–(0.0552/0.5413)*100] to attain 
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the level of the most efficient farmer. These cost savings can alternatively be interpreted as 

equivalent potential increases in output for given input use in production by using the best 

practice of production technology. Economic efficiency estimates were similar to the results 

obtained by (Solomon, 2012) but relatively higher than the results obtained by Musa, (2013). 

There was a scope for increasing all efficiencies to improve farm households’ output and 

economic benefits in teff production in the study area. 

Distribution of TE, AE and EE Scores 

Figure 4.1 shows that the distribution of TE scores showed skewed distribution to the right; 

with the majority (more than 45.16%) of the sampled households have TE score between 70 

and 90 %. 18.06 % sampled household had also found technical efficiency score 60%-

69.999%. Out of the total sample households, only 10.97% sampled household have above 

90% technical efficiency score. This implies that about 89.03% of the households can increase 

their production at least by 10%.  

Figure 4.1:  distribution of technical efficiencies score 

 

Source: Own computation 

According to figure 4.2, the distribution of AE scores showed that the majority (93.55%) of the 

sampled household had also found between 40 and 60%. From total sampled households,only 
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3..23% of the total sample households had an AE score that ranged greaterthan60%.This shows 

that there isa great opportunity to increase the efficiency of teff producers by reallocation 

ofresources in a cost-minimizing way. 

Figure 4.2:  distribution of allocative efficiencies score 

 

Source: Own computation. 

The distribution of economic efficiency scores implies that 40.65% of the household heads 

have an economic efficiency score of 30-40%. The low average level of EE was the total effect 

of both technical and allocative inefficiencies. This also indicates the existence of substantial 

economic inefficiency in the production of  teff during the study period in study area. 

Figure 4.3:  distribution of Economic efficiencies scores 

 

Source: Own computation 
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4.2.4. Determinants (Sources) of technical allocative and economic inefficiency of teff 

production 

After measuring the level of technical, allocative and economic efficiency and determining the 

presence of efficiency differences among farmers, finding out factors causing inefficiency 

differentials among farmers was the next most important objective of this study.  

The driving force behind measuring farmers' efficiency in teff production is the identification 

of important variables/ determinants with which to work for development to improve the 

existing level of efficiency. The parameters of the various hypothesized variables in the 

technical, allocative and economic inefficiency effect model that are expected to determine 

(in)efficiency differences among farmers were estimated through MLE (using one-stage 

estimation procedure for technical inefficiency) and two-limit Tobit model (for allocative and 

economic inefficiency). 

Before discussing the significant factors which influence inefficiency in teff production, it is 

important to see how efficiency and inefficiency are interpreted. The result can be presented in 

terms of efficiency or terms of inefficiency. The result intable 4.10 is presented interms of 

inefficiency and hence the negative sign shows the increase in the value of the variable attached 

to the coefficient means the variable negatively contribute to inefficiency level or conversely it 

contributes positively to efficiency levels. Thus any negative coefficient happens to reduce 

inefficiency which implies its positive effect in increasing or improving the efficiency of the 

firm and vice versa. 

The sex of household head was found to have a negative coefficient and significant impact on 

technical inefficiency at 5% level of significance which implicated that female household 

headed was not technically efficient than those male-headed counterparts. This is because 

female-headed households face greater challenges in agricultural production activities as 

compared with their male-headed counterparts. After all, female household heads in rural 

Ethiopia hold various tasks including fetching water from the far distance river, child caring 

and household management. In addition, they have farm management tasks that increase the 

burden. Such multiple tasks combined with fewer resource accesses and ownership would 

likely lead to more frequent and perhaps severe economic and social shocks that in turn 

decrease their efficiency. The result is in line with Kifle et al., (2017); Getachew et al., (2018); 

Milkessa, (2018); and  Asfaw et al., (2019). 
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Table 4.10. Determinates of technical, allocative, and economic inefficiency of teff 

production among the sampled household. 

Variables Technical 

inefficiency 

Allocative 

inefficiency 

Economic 

inefficiency 

Inefficiency variables Coef. (S. error) Coef. (S. error) Coef. (S. error) 

Age -0.019(0.047) -0.001(0.001) -0.001(0.002) 

Sex -0.939** (0.418) 0.015 (0.012) -0.015(0.017) 

EduHH -1.706***(0.451) -0.022** (0.010) -0.065*** (0.014) 
Teff farming Experience 0.0183 (0.052) -0.002 (0.001) 0.001 (0.002) 

Family size 0.267** (0.116) -0.004 (0.004) 0.008 (0.005) 

Inputacces -0.924** (0.387) 0.009  (0.010) -0.026* (0.014) 

Farmsize -0.427 (0.266) -0.001  (0.008) -0.009 (0.011) 

Livestock -0.079* (0.047) -0.002 (0.001) -0.004** (0.002) 

Fertility of teff plot -0.568*(0.335) 0.012(0.009) -0.027**(0.013) 

Extecontact 0.096 (0.094) -0.001 (0.003) 0.003 (0.004) 

Credit -0.063 (0.319) -0.024** (0.009) -0.006 (0.013) 

Plot distance to home 

(plot proximity) 

0.004 (0.010) 0.001* (0.0003) 0.001 (0.0004) 

_Cons -0.115 (1.349) 0.512*** (0.035) 0.719*** (0.047) 

Loglikelyhood -0.334 231.71 184.02 

Note: *, **and *** significant at 10%, 5% and 1% level of significance, respectively 

Source: Survey data, 2021 

The education status of the household head can be a proxy variable for the managerial ability 

of the farmer, had a negative and significant effect on technical and economic inefficiencies at 

1% and on allocative inefficienciesat 5% significant level implying that uneducated farmers are 

not technically, allocatively and economically efficient than educated farmers. Hence, educated 

farmers more often have better access to agricultural information and a higher tendency to 

adopt and utilize improved inputs (like fertilizer and improved varieties) more optionally and 

efficiently. This result is in line with the findings of Moges, (2017); Yimer, (2017); Asfaw et 

al., (2019); and Tolesa, 2018, (2018). 

Family size:- Unexpectedly the coefficient of family size on technical inefficiency is positive 

and statistically significant at a 5% significant level. Since family is the major source of labour 

for agricultural activities and given the higher opportunity cost of labour in the study area, the 

application of more labour for other cash crops (like maize) will affect technical inefficiency 

positively. The result is consistent with Jema, 2008; Solomon, (2012); Mussa et al., (2014);  
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Haile, (2019). However, there are also other contradictory findings ( Fekadu & Bezabih, 2008; 

Tolesa. 2017;  Dawit, 2020) which say that as family size increases inefficiency will decrease.  

Input Access: as expected timely availability of critical inputs like fertilizer, seeds and 

chemicals were important factors influencing technical and economic inefficiency of teff 

producing farmers negatively at 5% and 10% significant level respectively. This verified that 

households which got various farming inputs at a required time and amount are 0.92% more 

technically and economicaly efficient than a household that did not get farming inputs at a 

required time and amount. A similar result was found by Arega et.al. (2003) conducted astudy 

on maize using fertilizer and improved seed from Bako Tibe district in western Oromia. 

Livestock size: It affects technical and economic inefficiency negatively at 10% and 5% levels 

of significance respectively. This indicates that farmers who have large livestock sizein TLU 

would decrease technical inefficiency since it helps to avoid cash constraints. The reason is that 

livestock could support crop production in many ways; it can be the source of cash (from the 

sale of milk and milk products and sale of a livelivestock to buy improved agricultural 

technologies), draft power and manure that will be used to maintain soil fertility. This finding 

was consistent with the result obtained by Solomon, (2012); Yimer, (2017); Getachew et al., 

(2018) but contradict the findings of Temsgen and Ayalneh (2005). 

Fertility of teff plot: It had a significant and negative influence on technical and economic 

inefficiency level at 10% and 5% level of significance respectively. This indicates that farmers 

having fertile land were more efficient than those who have less fertile land. This may be 

associated with the fact that fertile lands require the application of lower amounts of fertilizer 

which lead to a reduction in cost and time, leading to a reduction in the inefficiency of farmers. 

This finding is similar toTolesa, (2018); Getachew, (2018) and Mekuriaw, (2020). 

Credit: It is an important element in agricultural production systems. It allows the producer to 

satisfy their cash needs induced by the production cycle. Amount of credit increases 

farmers’ efficiency because it temporarily solves the shortage of liquidity/working capital. In 

this study, the amount of credit was hypothesized in such a way that farmers who get more 

amount of credit at the given production season from either formal or informal sources 

were expected to be more efficient than those who get less amount of credit. In this study, 
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amount of credit affected allocative inefficiency of farmers negatively and significantly at a 5% 

levelof significance. This implies that credit availability shifts the cash constraint outwards and 

thus enabling farmers to make timely purchases of inputs that they cannot afford otherwise 

from their resources and enhances the use of agricultural inputs that leads to more 

efficiency. The empirical studies are in line with Mekuriaw, (2020) and Tolesa, (2018).  

Plot distance:- Distance between farmers’ residence and teff plots have a positive impact and 

affected allocative inefficiency of farmers at a 10% significance level. This relation may be 

because farmers living far from the production site never follow up the whole day their teff plot 

that enables to reduce the time of work, frequency of visit and will receive less farm 

management which leads to increase inefficiency compared to their counterparts who reside 

nearby plot. This implies that as the distance of plot from home increases allocative 

inefficiency increases. A unit change in distance of plot from home would increase the 

probability of a farmer being allocatively inefficient by 0.01%. This result is in line with the 

findings of Tolesa, (2018), Getachew (2018) and Ermias, (2019). 
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CHAPTER 5 

5. CONCLUSION AND RECOMMENDATIONS 

5.1. Conclusion 

This study assesses the economic efficiency of teff producers in Libo KemKem woreda of 

Amhara regional state of Ethiopia. The study area was selected purposively based on the level 

of teff production in the region and the proximity of the researcher to the location.To achieve 

the objective of the study, both primary and secondary data were used with descriptive and 

econometric estimation (using ECXEL and STATA). Primary data were collected by 

implementing both purposive and two stage random sampling procedures through a household 

survey from a sample of 155 teff producer farmers that represent the population using a 

structured questionnaire. Secondary data were collected from relevant sources to support the 

primary data. Data analysis was carried out using descriptive statistics and econometric 

techniques. 

 

The Cobb-Douglas stochastic frontier production model was used to estimate production and its 

dual cost functions. The results of the production function indicate that land, seed and fertilizer 

were limiting constraints, all with positive signs and statistically significant and from which TE, 

AE and EE were extracted.  The study also indicated that 70.62%, 50.14% and 35.47% were 

the mean levels of TE, AE and EE, respectively. This in turn implies that farmers can increase 

their teff production on average by 29.38% when they were technically efficient and can reduce 

the current cost of inputs, on average, by 26.45% if they were allocatively efficient. 

 

In the second step of the analysis, relationships between TE, AE, and EE, and various variables 

that are expected to affect farm efficiency were examined. This has relied on direct or one stage 

estimation procedure was used to incorporate exogenous factors directly in the production 

frontier model for TE and two limit Tobit regression techniques for AE and EE were expressed 

as a function of 12 independent variables. Among them, sex, education, family size, input 

access, livestock size,  plot fertility, were found to be statistically  significant  to  affect  the  

level  of technical inefficiency. The result also showed that education, input access, livestock 

size, and fertility of teff plot were important factors that affect economic inefficiency of farmers 
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in the study area. The study also revealed that education, credit, and teff plot distance to home 

significantly influence the allocative inefficiency of teff producing smallholder farmers in the 

study area.  

 

In general, the SPF model shows that production can be improved by increasing the use of 

inputs. There is considerable room to enhance the efficiency of farmers in teff production. The 

implication is that there will be a considerable gain in production level or reduction in the cost 

of production if introduction and dissemination of agricultural technologies is coupled with 

improving the existing level of efficiency. 

 

Thus, the results of the study give information to extension workers and agricultural 

cooperatives on how to improve farm efficiency levels as specific determinants for specific 

efficiency types are identified. This could contribute to the compensation of high production 

cost, hence improving farm revenue, welfare and generally helping agricultural as well as 

economic development. These findings stress the need for appropriate policy formulation and 

implementation to enable farmers to reduce their inefficiency in production as this  is  expected  

to  have  multiplier  effects  ranging  from  farm  productivity  growth  to economic growth and 

poverty reduction at macro level. 

 

5.2 Recommendations 

The study reveals that teff producers in the study area are not operating at full technical, 

allocative and economic efficiencies levels and the  result indicated that there is ample  

opportunity  for teff  producers  to  increase  output  at  existing  levels  of inputs and minimize 

cost without compromising yield with present technologies  available at the hand of producers. 

 

The study found that different types of efficiencies and their determinants were found to be 

different and economic efficiency were found to be low.  Therefore, intervention aiming to 

improve  efficiency  of  farmers  in  the  study  area  has  to  give  due  attention  for  resource 

allocation in line with output maximization as there is big opportunities to increase teff output 

without additional investment. 
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The results of the study shows, as female household heads were less efficient than male 

household heads. This is may be due to female headed households are too busy with domestic 

activities and had less time to manage their farm plots. Thus, especial emphasis should have to 

given for female headed households by providing improved technologies that can help them in 

decreasing their home burden and this would in turn help them to improve their efficiency level 

in teff production. 

 

In the study area, education was a very important determining factor that has negative and 

significant impact to both technical, allocative and economic inefficiency.  It is central to adopt 

and use modern agricultural technologies and practices, agricultural information and 

institutional accessibilities which improve farm households’ efficiencies. Thus government has 

to give due attention to training farmers through strengthening and establishing both  formal 

and informal type  of  framers' education,  farmers'  training  centers,  technical  and  vocational 

schools as farmer education would reduce both technical and economic inefficiencies. 

 

Given the mixed farming system in the study area, farmers with more number of livestock were 

relatively better in the technical and allocative efficiency. Hence, there is a need to design 

appropriate policy and strategies for improving livestock production systems by solving the 

shortage of feed and health services which in turn will enhance the efficiency.  

 

Soil fertility is a crucial factor in determining technical and economic efficiency of farmers. 

Therefore, farmers have to work to improve the fertility status of the land though it is difficult 

to achieve this in the short run. Farmers can do this by applying artificial fertilizer (compost) 

and fertilizers (dap & urea) that are suitable for the farm and practicing soil conservation 

practices. Policy makers  need  also  to  have  soil  fertility  maintenance  program  and  

extension  workers can play a great role in improving the status of the soil by working closely 

with the farmers in this regard. 
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The result of the study also shows input access (timely availability of inputs) was a significant 

and enfluencing factor for technical inefficiency of farmers. So, the government should have to 

give due attention for timely supply of critical inputs like fertilizer, improved seeds, chemicals 

etc to increase production efficiency levele of teff producing farmers. 

 

This study provides evidence on the role of credit utilization in improving technical and 

economic efficiency through reducing financial constraints farmers face in purchasing 

inputs in teff production. Therefore, the government should have to establish adequate rural 

finance institutions at affordable interest rates and facilitating the available micro-finance 

institutions such as ACSI to assist farmers in terms of financial support is crucial to 

improve farmer’s efficiency. Since most farmers fear the risk of repayment due to what they are 

planning to repay may be destroyed by climate change or others so that factor government and 

concerned bodies should have to create awareness on microfinance institutions and training on 

loan repayment. 
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Appendices 

Appendix1. Conversion factor for man equivalent and adult equivalent 

Age group (year) Man equivalent Adult equivalent 

Male Female Male Female 

<10 0 0 0.6 0.6 

10-13 0.2 0.2 0.9 0.8 

14-16 0.5 0.4 1.00 0.75 

17-50 1.00 0.8 1.00 0.75 

>50 0.7 0.5 1.00 0.75 

Source: Storck, et al. (1991 as cited in Selomon, 2014) 

 

Appendix2. Conversion factors used to estimate Tropical Livestock Unit equivalent 

Animal category TLU 

Calf  0.25 

Donkey (Young)  0.35 

Weaned Calf  0.34 

Camel  1.25 

Heifer  0.75 

Sheep and Goat (adult)  0.13 

Caw and Ox  1.00 

Sheep and Goat young  0.06 

Horse  1.10 

Chicken  0.013 

Donkey (adult)  0.70 

  

Source: Storck, et al. (1991 as cited in Selomon, 2014) 
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Appendix3. Technical Efficiency score of the sample farmers (SFA)  

                 TE                  TE                  TE                  TE 

1 0.516993 45 0.787619 89 0.732919 133 0.762374 

2 0.614734 46 0.680731 90 0.613099 134 0.817876 

3 0.719375 47 0.88073 91 0.804542 135 0.86055 

4 0.926423 48 0.632289 92 0.443405 136 0.193308 

5 0.825193 49 0.722269 93 0.755496 137 0.956345 

6 0.507916 50 0.771861 94 0.926327 138 0.88307 

7 0.560236 51 0.573251 95 0.777209 139 0.774324 

8 0.822359 52 0.579792 96 0.758148 140 0.9079 

9 0.772734 53 0.872411 97 0.659385 141 0.91967 

10 0.573963 54 0.681197 98 0.326037 142 0.89635 

11 0.870213 55 0.72809 99 0.447102 143 0.348911 

12 0.646841 56 0.65935 100 0.862297 144 0.693681 

13 0.627287 57 0.856454 101 0.769631 145 0.867812 

14 0.839288 58 0.73145 102 0.454958 146 0.707554 

15 0.538198 59 0.873731 103 0.616086 147 0.893064 

16 0.590218 60 0.824111 104 0.925409 148 0.665969 

17 0.664353 61 0.78311 105 0.668301 149 0.953948 

18 0.438115 62 0.671979 106 0.668348 150 0.587796 

19 0.684941 63 0.653351 107 0.449215 151 0.50369 

20 0.82857 64 0.586693 108 0.903018 152 0.590768 

21 0.736069 65 0.835814 109 0.775465 153 0.899536 

22 0.922237 66 0.898849 110 0.919242 154 0.918888 

23 0.567215 67 0.691886 111 0.913562 155 0.831999 

24 0.768648 68 0.584115 112 0.857715   

25 0.325397 69 0.762885 113 0.825617   

26 0.655584 70 0.76405 114 0.794282   

27 0.500469 71 0.511865 115 0.803615   

28 0.71144 72 0.902559 116 0.735479   

29 0.25817 73 0.501802 117 0.615568   

30 0.56137 74 0.404316 118 0.771154   

31 0.840565 75 0.897512 119 0.935046   

32 0.735408 76 0.668777 120 0.868098   

33 0.817509 77 0.767755 121 0.791235   

34 0.339178 78 0.626354 122 0.653396   

35 0.374804 79 0.578816 123 0.637282   

36 0.418166 80 0.924271 124 0.703603   

37 0.39309 81 0.672497 125 0.846089   

38 0.402639 82 0.873902 126 0.326836   

39 0.570747 83 0.758764 127 0.750149   

40 0.819909 84 0.642648 128 0.801698   

41 0.430351 85 0.494194 129 0.89356   

42 0.93919 86 0.897104 130 0.932457   

43 0.725211 87 0.847927 131 0.690872   

44 0.579922 88 0.858542 132 0.743542   

 

Source: Own computation. 
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Appendix4. Allocative Efficiency score of the sample farmers (SFA)  

                 AE AE AE AE 

1 0.494805 45 0.602689 89 0.50509 133 0.541248 

2 0.507895 46 0.582815 90 0.484794 134 0.497385 

3 0.505463 47 0.489626 91 0.527065 135 0.526246 

4 0.533796 48 0.518033 92 0.514017 136 0.497877 

5 0.438268 49 0.529316 93 0.512795 137 0.475176 

6 0.56115 50 0.513987 94 0.481829 138 0.478038 

7 0.595408 51 0.525884 95 0.497156 139 0.495055 

8 0.417724 52 0.414743 96 0.520845 140 0.470605 

9 0.541747 53 0.4817 97 0.505418 141 0.489583 

10 0.513069 54 0.565118 98 0.392665 142 0.590199 

11 0.455091 55 0.547619 99 0.500732 143 0.500707 

12 0.533904 56 0.465024 100 0.55388 144 0.490842 

13 0.562834 57 0.496196 101 0.681791 145 0.443576 

14 0.518216 58 0.517956 102 0.510498 146 0.438786 

15 0.554067 59 0.496067 103 0.582072 147 0.519465 

16 0.552118 60 0.483367 104 0.538459 148 0.461203 

17 0.514715 61 0.518672 105 0.498417 149 0.440871 

18 0.498785 62 0.539026 106 0.482504 150 0.498617 

19 0.504913 63 0.470018 107 0.620514 151 0.481867 

20 0.498702 64 0.432825 108 0.529859 152 0.490748 

21 0.502486 65 0.492598 109 0.456025 153 0.497471 

22 0.480555 66 0.507517 110 0.527416 154 0.508751 

23 0.456143 67 0.506664 111 0.524837 155 0.51301 

24 0.553637 68 0.422378 112 0.441737   

25 0.527269 69 0.474024 113 0.427526   

26 0.539172 70 0.528725 114 0.47271   

27 0.460844 71 0.651606 115 0.482219   

28 0.47964 72 0.454848 116 0.567582   

29 0.531913 73 0.56264 117 0.516723   

30 0.525946 74 0.454297 118 0.497905   

31 0.528796 75 0.52861 119 0.495194   

32 0.577623 76 0.602819 120 0.448467   

33 0.543872 77 0.515319 121 0.417412   

34 0.426046 78 0.454829 122 0.542759   

35 0.422123 79 0.53295 123 0.455624   

36 0.131966 80 0.585635 124 0.538363   

37 0.566478 81 0.492631 125 0.494973   

38 0.383532 82 0.487218 126 0.53457   

39 0.517334 83 0.415875 127 0.461378   

40 0.563798 84 0.521599 128 0.552553   

41 0.371765 85 0.510459 129 0.508108   

42 0.453671 86 0.50634 130 0.434114   

43 0.517298 87 0.393791 131 0.566599   

44 0.461413 88 0.495774 132 0.441888   

 

Source: Own computation. 
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Appendix 5. Economic Efficiency score of the sample farmers (SFA)  

                 EE                  EE                  EE                  EE 

1 0.25581053 45 0.4746891 89 0.37019011 133 0.41263341 

2 0.31222043 46 0.39674044 90 0.29722636 134 0.40679944 

3 0.36361752 47 0.43122861 91 0.42404574 135 0.4528612 

4 0.49452083 48 0.32754698 92 0.22791798 136 0.09624374 

5 0.36165533 49 0.38230826 93 0.38741443 137 0.45443221 

6 0.28501707 50 0.396726 94 0.44633138 138 0.42214119 

7 0.33356912 51 0.30146337 95 0.38639382 139 0.38333297 

8 0.3435193 52 0.24046486 96 0.39487772 140 0.42726185 

9 0.41862629 53 0.42024054 97 0.33326453 141 0.45025513 

10 0.29448238 54 0.38495667 98 0.12802341 142 0.52902472 

11 0.39602583 55 0.39871561 99 0.22387822 143 0.17470197 

12 0.34535114 56 0.30661357 100 0.47760924 144 0.34048779 

13 0.35305833 57 0.4249693 101 0.52472751 145 0.38494072 

14 0.43493274 58 0.37885872 102 0.23225497 146 0.31046484 

15 0.29819767 59 0.43342904 103 0.35860611 147 0.463915 

16 0.32587031 60 0.39834826 104 0.49829465 148 0.30714683 

17 0.34195228 61 0.4061772 105 0.33309266 149 0.42056826 

18 0.21852523 62 0.36221417 106 0.32248094 150 0.2930849 

19 0.34583569 63 0.30708641 107 0.27874416 151 0.24271197 

20 0.41320991 64 0.25393539 108 0.47847216 152 0.28991791 

21 0.36986462 65 0.41171985 109 0.35363159 153 0.44749322 

22 0.44318533 66 0.45618079 110 0.48482334 154 0.46748537 

23 0.25873121 67 0.35055354 111 0.47947092 155 0.42682367 

24 0.42555183 68 0.24671764 112 0.37888453   

25 0.1715718 69 0.36162611 113 0.35297281   

26 0.35347281 70 0.40397195 114 0.37546484   

27 0.23063807 71 0.33353414 115 0.38751829   

28 0.34123509 72 0.41052735 116 0.4174444   

29 0.13732381 73 0.28233366 117 0.31807792   

30 0.29525029 74 0.18367956 118 0.38396132   

31 0.44448761 75 0.47443396 119 0.46302871   

32 0.4247882 76 0.40315163 120 0.38931355   

33 0.44462083 77 0.39563907 121 0.33027095   

34 0.1445055 78 0.28488367 122 0.35463646   

35 0.15821353 79 0.30848025 123 0.29036081   

36 0.05518354 80 0.54128548 124 0.37879398   

37 0.22267682 81 0.33129252 125 0.4187916   

38 0.15442509 82 0.42578098 126 0.17471678   

39 0.29526732 83 0.31555114 127 0.34610199   

40 0.46226291 84 0.33520419 128 0.44298069   

41 0.15998919 85 0.25226613 129 0.45402462   

42 0.42608382 86 0.4542392 130 0.40479227   

43 0.3751499 87 0.33390614 131 0.39144692   

44 0.26758321 88 0.42564306 132 0.32856198   

Source: Own computation. 
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Appendix 6. Variance Inflation factor (VIF) for input and efficiency variable  

No Variable VIF 1/VIF 

1 Experience 5.26 0.183863 
2 Age 5.14 0.186160 
3 Farmsize 1.27 0.758765 
4 Livestock 1.18 0.800575 
5 Distance to plot 1.08 0.911584 
6 Extension contact 1.08 0.919618 
7 Family size 1.07 0.925537 

Mean VIF 2.30  

Source: Own computation. 

Appendix 7. Variance Inflation Factor (VIF) for variables in the production function model 

No Variable VIF 1/VIF  

1 Land 7.53 0.132758 

2 Seeds 6.39 0.156438 

3 Oxen 5.01 0.199417 

4 Fertilizer 2.97 0.336230 

5 Labour 2.73 0.366939 

6 Chemicals 2.02 0.493924 

Mean VIF 4.44  

 

Appendix 8. Contingency coefficient of dummy efficiency variables. 

Variabls sex eduHH inputaccess Fertility of plot Credit 

Sex 1.0000     

EduHH 0.1441 1.0000    

Input access 0.0508 0.0840 1.0000   

Fertility of plot 0.0781 0.0038 0.0780 1.0000  

Credit access 0.0106 0.1840 0.0546 0.0738 1.0000 
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Questionnaire 

Dear respondents, the purpose of this questionnaire is to gather primary data about Economic 

Efficiency of Teff Production: The Case of Smallholder farmers in Libo Kemkem woreda, 

south Gondar  Zone, Amhara National Regional State, Ethiopia. The purpose of this study is for 

partial fulfillment of the requirements for Masters Degree in Development Economics at Bahir 

Dar University. I confirm you that all data will be used for academic purpose and your 

responses will be kept confidential.  

Name of the enumerator;___________signature_____ Date______Date of Interview________ 

 

PART I. General Information about Sample Smallholder Farmers 

1. Name of the Respondent: _____________kebele____Age____Sex:1.Male 2. Female 

2 Educational status of the household head:   1.  Illiterate     2. Read and write  

3. Marital status: 1. Married       2.Single      3.Divorce           4.Widowed 

4.  Main occupation 1. Farmer 2. Non-farming: 3 Other: Specify:____________ 

5.  Years of experience in farming: ______________year6. For how many years did you 

cultivate teff? _____________year 

7. Household member’s characteristics: [___ ] Male [___] Female [____] Total 

S.No  Name of the 

family 

member 

Age in 

years 

Rela 

tives 

Sex1  Level of 

Education 
2 

Occupation 3  Marital Status 
4 

1        

2        

 

3        

4        

5        

6        

7        

8        

9        

10        

1.Sex 1=male 2= female 2. Education 0= illiterate 1= read and write grade for the rest 

number of schooling____, 3. Occupation 1= agriculture 2= student 3= non-agriculture, 4. 

Marital status 1=single 2=married 3=divorced 4=widowed  

5. Health status 1=healthy 2=not healthy. 

PART II. About Farming Input and Output  

1. Have you or your family taken any land for agricultural rent on 2020/21  cropping season?  

1) Yes                2) No 



79 
 

1.1. If you said yes for Q 1, how much hectares of land did you cultivate on rent? ------------ 

2. Give major reasons why you produce teff  in 2020/21 cropping season? 

a) Quick production                                            e) High grain price 

b) High yield                                                        f) High pest and disease tolerance 

c) Suitability of soil for teff                                  g) No other alternative 

d) Required lower labor and cost                           h) other, specify 

3.How many numbers of total plots (parcels) of land do you have during 2020/2021 cropping season)? -

- 

4.How many plots did you use to produce teff in the year 2020/21 production season? ............... 

5. Do you use inputs in teff field?    1) Yes               2) No             

5.1. If yes for Q 5, please fill the following Table? 

Plot  Size of 

land (Ha) 

Chemical  teff seed used  Mineral fertilizers 

Local seed  Improved seed DAP Urea  

Liter Unit 

cost 

Kg Unit 

cost 

Kg Unit 

cost 

Kg Unit 

cost 

Kg Unit 

cost 

1             

2             

3            

Total            

 

6. If you used more than three plots to produce teff in 2020/21 cropping season, please specify 

the amount of inputs used in ha or litter. 

1)  DAP------------------------------                                  4)   Local teff seed---------------            

2)  UREA----------------------------                                  5)   Pesticide-------------------------                                    

3)   Improved teff seed---------                                    6)   others, specify------------------ 

7. If you used local/traditional teff seeds during 2019/20 production year, what is your reason?  

  1) Low consumption of water                                     7) Low cost                     

   2) Low consumption of fertilizers                               8) Good productivity  
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   3) Required less man labour                                        9) good for pests  

   4) Needs less plowing frequency                             10) Standardized growth harvesting  

    5) Good for soil                                                           11) Lack of availability of hybrid seed 

    6) Good quality                                                             12) other, (specify) 

8. If you used modern/hybrid teff seeds during 2020/21 production year, what is your reason?  

      1) High productivity               2) Quick production                   3) Safety from Pests                               

   4) Lack local seeds      5) Use of hybrid seed is the only option    6) Low consumption of 

water  

     7) Low consumption of fertilizers   8) Required less man labour  

        9) Needs less plowing frequency    10) Good for soil health     11) Long life for seeds   

       12) Good quality       13) Low cost     14) More profitable   15) other (specify)_________            

9. Is there any labor constraint፡   1. Yes               2. No 

10. If yes for Q. 9, how you get additional labour required?     

           1. Hired             3.  Both 2.  Exchange labor    4.  other, specify------------------------- 

11. How much did you pay for hired labor per day (8hrs)...............? 

12. At what time did you start land preparation? _______________________month. 

13. How many times do you plough your teff land? ____________________________ 

14.  At what time did you sow teff? ________________month. 

15. Is weeding teff crop a common practice? 1. Yes 2. No 

16. If yes, when you start weeding teff? _____________Week of _________________month 

17.  How many times do you weed? ________________________times. 

18. What method do you use for weeding? 1. Hand weeding 2. Hoeing 3. I use chemicals 

                                                                4. Others, specify________ 

19. When did you harvest your teff crop? ________________month 

20. Amount of human and oxen labor allocated in the process of teff production? 
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Types of Activities Paire of Oxen  Participation of family labor Labor hired 

No Hr Child Male Female 

No Hr No Hr No Hr No Hr 

1stPlowing           

2nd Plowing           

3rd Plowing           

4th Plowing           

Sowing           

Fertilizer application           

1stWeeding           

2nd Weeding           

Chemical application           

Harvesting           

Threshing           

Transportation           

Total           

21. Do you have an access to get farming inputs (i.e fertilizer, improved seed,chemical…) at 

the required time and amount in 2020/21 cropping season?   1) Yes               2) No             

PART III. Land holding and production 

1.Total land holding in 2020/21: ____ timad ____ ha, for teff only_________timad ______ ha. 

 (Note: 1 ha = 4 timad use local conversion rate if it isdifferent specify it)________________ 

2.  Total size of land shared in 2020/21 __________________timad 

3.Conditions of teff plots 

 

No. of 

teff plot 

Distance from 

home (km) 

Total area of 

cultivated plot(ha) 

Total yield 

of each plot 

(Qt) 

Type of 

ownership 1 

Fertility status 

of 

the plot 2 

1 
     

2 
     

3 
     

4 
     
1. Ownership 1= owned 2= rented in 3= rented out 4= shared in 5= shared out 

2. Fertility (farmer’s perception): 1= Fertile, 2= Medium 3= Infertile 

4. How much quintal of maize did you obtained last year? _______(quintal) 

5. How is this year output as compared to previous year’s output? 1. Worst 2. Some 3. Better 
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6. How is the trend of volume of teff crops production during the past 5 years? (√) 

Crop type  Increasing  Decreasing  Same 

Teff 
   

Other Cereals 
   

Others 
   

15. If the production of teff increases, what are the reasons? _____________ 

16. If the production of teff decreases, what are the reasons? ________________ 

17. Would you like to expand teff production? 1. Yes 2. No 

18. What opportunities exist to expand teff production? ___________________ 

19. What are the production constraints on your teff farm? You can select more than one. 

               1. Availability of quality improved seed          4. Damage of pests 

               2. Sever weed infestation                                  5. Unfavorable weather condition 

               3. Size of land holding                                       6. others 

 

PART IV. Livestock production 

5.1. Do you have your own livestock? 1. Yes 2. No 

5.2. If yes, what are the current number of livestock number and estimated price? 

No  
Type of 

livestock  

Total 

number 

Estimated unit 

price 

Major Problem 

* 
Remark 

1  Cow 
    

2  Heifer 
    

3  Oxen 
    

4  Bull 
    

5  Calves 
    

6  Sheep 
    

7  Goat 
    

8  Donkey 
    

9  Chickens 
    

*1. Feed shortage 2. Disease 3. Water shortage 4. Improved breed 

PART V. Of/non farm income 

.1. Do you have off farm income source? 1. Yes 2. No 

2. Which one of the following is the source of your income off farm or non farm in come 

1. Off-farm activity 2. Pension payments 3. Transfer payment 4. 

Salary/wage 5. Rent from asset 6. Other specify 

3. Annual income from off/nonfarm activity?_____________________ 

4. Are some of your family engaged in off/non-farm activities? 1. Yes 2. No 

If yes why? 
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1. Shortage of land 2.Excess family labor 3.Attractive income from off-farm 

activities 4. Other, specify__________________________ 

PART VI. Extension and Credit Services 

Extension Services 

1. Do you use agricultural extension services (DA)?1. Yes 2.No 

2.  When did you start getting extension service? ________year 

3. Did you ever received any pieces of advises with regard teff Production? 1. Yes 2. No 

If yes, for ______________days or_______ months. 

4. How many days did you visited the extension agent (starting from land preparation until 

    harvesting of crop)? ______________________ Days 

5. How often do the development workers visit your farm starting from land preparation until 

    harvesting of crops? 1. Daily 2. Weekly    3. Monthly     4. Quarterly 

                                  5. They didn`t visit at all    6. Other, specify______________________ 

Credit Services 

1. Have you got credit in 2020/2021? 1. Yes 2. No 

.2. Have you borrowed money over the last two years 1. Yes 2. No 

If yes state amount and purpose of credit for the last two years 

 

*Source of 
Credit 

Amount of 
credit in Birr 

**Purpose of 
credit 

Distance of credit 
source Minute or 
Km 

Proportion of 
repayment 

     

     

     

* 1 .Amhara credit and saving institution 2. Local money lenders 3. Relatives                             

4.Cooperatives 5. Traders 

 **Purpose of credit 1. DAP and UREA 2. Seed purchase 3. Tosend students to school 4. Home             

consumption 5. Others 

3. Of the total amount you borrowed over the last two years have paid all as per the 

    promise? 1. Yes 2. No, if it is not what the reason for delay is? ___________________ 

Distance from home of household to Infrastructure 

No Type of infrastructure Distance in walking minutes 
 

1 Nearest market  

2 Cooperative office   

3 DA office  

4 Health center   

5 School   

6 Main road  
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PART VI. Cost of teff production 

No Material            Quantity  Unit price Total 

 Own   Purchase  

1 Seed  Local      

Improved      

2 Fertilizer  Dap      

Urea      

3 Chemicals Pesticide     

4 Rented land       

5 Labor force      

6 Oxen       

 

PART VII: Focus group discussion 

1. Major problems encountered in Teff farming 

2.Trend of crop production system 

3. Input utilization and input supply system 

4. Risk bearing ability of the household 

 

                                                      Thank you for sharing your experience!!! 

 


