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Abstract: Though agriculture remains to be the most important sector of the Ethiopian economy, its
performance has been disappointing and food production has been lagging behind population growth. This
gap between demand for and supply of food can be reduced by improving productivity either through
introduction of modern technologies or improving the efficiency of inputs. However, as the potential to increase
production by bringing more resources into use became more and more limited, the efficiency with which the
farmers use available resources has received the utmost attention. Therefore, this study was aimed at analyzing
the technical efficiency of farm production of smallholder farmers in Girawa district using cross sectional data
collected from randomly selected 200 sample households during year 2011/12 production season. Cobb-Douglas
production function was fitted using stochastic production frontier approach to estimate technical, efficiency
levels and to identify factors affecting efficiency levels of the sample farmers. The estimated results showed
that the mean technical efficiency was 81.5% and it indicated that there was a significant inefficiency in farm
production in the study area. The discrepancy ratio ( ), which measures the relative deviation of output from
the frontier level due to inefficiency, implied that about 75% of the variation in maize production was attributed
to technical inefficiency effects. Among factors hypothesized to determine the level of technical efficiencies,
education, livestock holding, extension contact, farmers training, cultivated area and participation to irrigation
were found to determine technical efficiencies of farmers positively while social status had negative relationship
with technical efficiency. Hence, emphasis should be given to improve the efficiency level of those less efficient
farmers by adopting the practices of relatively efficient farmers in the area. Beside this, policies and strategies
of the government should be directed towards the above mentioned determinants.
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INTRODUCTION countries).  On  the  other  hand,  urban  poverty  has

Agriculture  is   the   mainstay   of  Ethiopian limited capacity of the  manufacturing  sector  to  absorb
economy  contributing   about   45  %  to   the   GDP   and the increasing number of economically active population
85 % to national export earnings. It also supplies a in towns as well as the negative impact on household
proportion  of  the industrial raw materials while budget of increasing prices of food commodities [3-6].
employing  about  85 % of  the  population  [1]  and The root causes of poverty and chronic food
around 95% of the country's agricultural output is insecurity in rural areas of the country are complex and
produced by smallholder farmers [2]. Despite its various. One of the major contributing factors for the
dominance, According to the 2011 Human Development country's poverty and food insecurity is degradation of
Report of the United Nations Development Program, natural resources. Since there is a rapid population growth
Ethiopia is ranked 174st out of 187 countries in the human in the country, especially, in rural areas, the land size per
development  index,  with  a  GDP  per  capita  adjusted household declines, as a result, people are forced to over
with the Purchasing Power Parity of only USD 779 use  the  land  which  leads  to   low   productivity     [7].
(compared to almost USD 2000 average for Sub-Saharan They  also clear the forest for additional farm land, source

shown only a marginal decline especially due to the
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of household energy, construction and means of income. MATERIALS AND METHODS
This unwise use of the farming land and clearing trees
degrades natural resources which result in recurrent
drought. Risk adverse traditional farming system and
rainfall dependant agriculture is also the other
contributing factors for low productivity and food
insecurity [8]. 

In addition, insufficient resources like capital and
skills to invest in new technologies and shortage of
supply in agricultural inputs have their own significant
share for in subsistence agricultural and food insecurity.
Besides, majority of the people in rural Ethiopia are stick
to farming, they do not have access to off-farm income
generating activities, improved technology and
employment opportunities. As a result, more than 38% of
rural households fall below the food poverty line and 47%
of children under five suffer from stunting hunger [9,5]. 

This incompatibility in the growth clearly requires
import of food and/or food aid unless the country
improves its productivity by applying improved
agricultural technologies and  sound  crop  production
and protection practices. Therefore, if farmers are
producing to supply the surplus to the market after
feeding themselves with reducing land per capita due to
population growth, they need to adopt new farming
practices and increase their efficiency [10]. [11] also
argued that future cereal production growth need to come
increasingly from yield improvements as there is little
suitable land available for the expansion of crop
cultivation in the country.

Empirical findings indicated that most
underdeveloped and developing countries are  facing
both poverty and high population growth with limited
economic resources. However, most farmers in these
countries practice subsistence farming with low
productivity. This may be attributed to high inefficiencies
[12]. According to [13], efficiency measures are important
as 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 with the existing resource base and
available technology.

In the light of the foregoing discussion: this study
examined farm household' technical efficiency of
smallholder farm production in Ethiopia, using Girawa
district of Oromia national Regional State as a study area.
Specifically, this study; 

To measure farm household technical efficiency of
smallholder farmers and, 
To identify factors affecting farm households'
technical efficiency in the study area

The study was conducted in Girawa district, East
Hararghe, Oromia National Regional State, Ethiopia.
According to [1], Girawa district has a total population of
263,924 of which 133,780 are male and 130,144 are female
and total area of the district is about 1109.41 km2 with
density of 237.9. The climatic condition of the study area
48.9%, 31.1% and 20% of Girawa district is kolla, Woina
dega and  Dega  of Agro-ecological zones, respectively.
It is also characterized by different land scapes with the
altitude ranging from 1215 to 3405 meter above sea level
(m.a.s.l). The annual rainfall ranges from 550 to 1100 mm
with annual temperature ranging from 20 - 27°C. The
livelihood of the district basically originates from mixed
farming. It comprises crop production and livestock
rearing. Major types of crops grown in the area are
sorghum, maize, common beans, highland pulses and
many other vegetable crops like potatoes, onion, garlic
and leafy vegetables. Livestock rearing is the secondary
source of livelihood for the rural people in the area [14]. 

As sources of information both primary and
secondary data sources were used. The primary data were
collected using semi-structured questionnaire that was
administered by the trained enumerators. In addition to
primary data, secondary data were also collected from
relevant sources such as agricultural and rural
development offices of the district and other relevant
institutions for general description and to augment
primary data.

To have a reliable information and importance of farm
efficiency, a two stage random sampling technique was
used to select sample households for this study. In the
first stage, four kebeles were selected randomly. In the
second stage, the sample farmers were selected using
simple random sampling technique from each kebeles
proportional to the total number of households of the
kebeles. Finally a total of 200 sample respondents were
interviewed.

Data  Analysis:  To  address  the  objectives  of   the
study,  both  descriptive  statistics  and  stochastic
frontier approach were employed. The descriptive
statistics such as mean, percentages, standard deviation
and frequency of occurrence were used to analyze
socio-economic characteristics of respondents and farm
households' technical efficiency of irrigation users and
non-users

Stochastic Production Frontier Model: Besides allowing
for  technical   inefficiency   such  stochastic  production
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frontier models also acknowledge the fact that random farmer; Trm = transportation means; Eam = Economic
shocks outside the control of the farm operator can affect active members; Ftr = Farmers training; Sos = Social
output. Following [15], the SFP model is defined as. status of the head; WRd = Whether road distance; NEc =

( 1) participation to irrigation farming; i = number of

Where: Y  is total value of agricultural output and  are parameters to be estimated, by the method of maximumi i

input variables, x  is a vector parameter to be estimated likelihood, using the STATA Software. A Cobb-Douglasi

and is the total error term. functional form which includes both the conventional
The total error term in equation [16] could be inputs and exogenous factors believed to affect

decomposed into its respective two components as: inefficiency was the one considered in this specific study.

 = V  - U (2) below.i i i

Where: V  is the symmetric error term, accounts for factorsi

outside the control of the farmer U  is the technicali

inefficiency, accounting for random variations in output
due to inefficiency and assumes positive values. 

The empirical stochastic frontier production model
that was applied to the analysis of data was specified as
follows:

(3)

Where subscripts i refer to the number of observation of
the i  farmer;th

ln = logarithm to base e, VOA  = represents the annuali

total agricultural output of household in monetary term
(birr), OXN  = total ox power utilized (oxen-days), CULAi i

= total area under cultivation (in hectares), LAB   = totali

human labor in man days utilized, CFRT  = material inputsi

of chemical fertilizer (kg), SEED  costs of seeds (birr) andc

OFRT = organic fertilizer. It is assumed that the
inefficiency effects are independently distributed and Ui

arises by truncation (at zero) of the normal distribution
with mean U  and variance . Where U  is defined by thei i

2

equation:

(4)

Where U  = technical inefficiency of the i  farmer; Age=i
th

Age of household head; Fas = Family size; Lsh =
Livestock holding; Cula = cultivated land area; Sex = sex
of household head; Ofi = off/non farm income; Sfs  =Soil
fertility status; Edu = years of formal education of the ith

Number of extension contact per cropping season; IRP=

respondent; The  and -coefficients are unknowni i

The final version of the model estimated was indicated as

(5)

Where;  ,… , are the coefficients of parameter1 6

estimates of input variables, IRRP is a dummy variable
having value of 1 if household has access to irrigation
technology and value of 0 if household has no access to
irrigation technology, ,… , are the coefficient of1 15

parameter estimates of the inefficiency variables and, e, is
the disturbance term included in the model and other
variables are as defined in equation [11, 12]. The technical
efficiency of production for the i  farm is defined by:th

Te  = exp(-U ) (6)i i

The prediction of the technical efficiencies is based
on its conditional expectation, given the observable value
of ( V - U ). The technical efficiency index is equal to onei i

if the farm has an inefficiency effect equal to zero and it is
less than one otherwise.

RESULTS AND DISCUSSION

Results of analysis of socio-economic characteristics
of the surveyed households are presented in Table 1.
They show that the average age of the sample household
heads was 41 years. The average numbers of
economically active members in the family of the sample
households was 2.92 male equivalents (ME). The average
years of formal schooling of the sample farmers was grade
3. Extension agent contacts  on  average  about  20  days
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Table 1: Descriptive statistics for continuous variables

Variables Mean SD Min Max

Income 77637 27528  30400 151,200
Crop income 16309 11780 1800 125000
Livestock income 4437 4002 0 30000
Labor 280 120 109 825
Land 0.329 0.226 0.0625  1.25
Fertilizer 211 164 0.0001 800
Organic  4.9 5 0.0001 20
Age 41.59 11.59 20 80
Family size 5.8 1.6 1 9
Active force 2.92 1.01 0.8 6.15
Education 3.08 3.98 0 12
Extension 19.58 23.5 0 48
Livestock holding 3.64 2.43 0 8.95
N-F income 1049.2 3819 0 28800
Whether road dist 92.32 33.47 30 180

Source: own survey result (2013).

Table 2: Descriptive statistics for discrete variables 

Variables Number %

Soil fertility status 
Fertile 128 64
Not fertile 72 36

Social status
Participated 69 34.5
Not 131 65.5

Training
Participated 126 63
Not 74 37

Source: Own survey result (2013).

with the farmers in a year. The study showed that out of
the 200 sample households  190  own  (rear)  livestock.
The mean livestock holding for the sample households
was 3.64 in Tropical Livestock Unit (TLU). 

The major sources of non/off-farm income in the
study area were remittance, petty trade, salary, daily
laborer and guard. The mean non/off- farm income of the
sample households was 1049.24 birr. Access to weather
road is a determinant of profitability and sustainability of
agricultural produce or proxy to agricultural marketing
services. Weather road services as a bridge which
connects small holder farmers to different market places.
The mean distance between the villages and the weather
road in minutes for the sample households was found to
be 92.30 minutes. 

Table 2 shows that 63% of the sample households
have got farmers training; Farmers training are a training
given by farmers at a farmers training center by different
responsible organs to improve the farmers' ability to adopt
new technology, crop and animal yield, marketing

services,  input  application and natural and water
resource conservations. In the study area soil infertility
was not a major problem. About 64% have good soil
fertility, only 36% of them reported that their land was
either medium or not fertile. According to the survey
result, 10% of the sample households were headed by
females and the rest 90% were headed by male. Out of the
total respondents, 34.5% participated in social
organizations. Among the sample majority of them, 77 %
of the households transport their produce on donkey
back and 23% of the households use other transportation
facilities.

Table 3 summarizes the Cobb-Douglas production
frontier result of the efficiency estimation parameters used
in the model in which total values of agricultural output is
the dependent variable and total labor, both inorganic and
organic fertilizers, oxen power, cultivated area and seed
cost are an input variables. The result shows that labor,
both inorganic and organic fertilizers, oxen power and
seed costs were significant variables. This result is found
to be similar to the findings of [17, 18]. 

The estimated parameters of the frontier production
function equation and related statistical test results
obtained from the  analysis  are  presented  in  Table 3.
The inefficiency component of the disturbance term (u) is
significantly different from zero. Therefore, the null
hypothesis of technical inefficiency (H : Sigma u=0) is0

rejected. This indicates that there is statistically
significant inefficiency in the data. The lamda ( ) value is
also greater than one in all the cases. This is a further
indicator of the significance of inefficiency. It is evident
from the results presented in Table 3 that the estimate of
gamma ( ) is large and significantly different from zero,
indicating a good fit and the correctness of the specified
distributional assumption.

Moreover, the estimate of , which is the ratio of the
variance output  to  variance  of  error  term,  was  0.75.
This means that more than 75% of the variation in output
among the farm households is due to differences in
technical inefficiency. The likelihood ratio test is highly
significant at 10% indicating that the in-efficiency effects
are significant in the stochastic frontier model and
suggest the suitability of it than the ordinary least
squares (OLS) estimation technique in the traditional
production function model.

Determinants of Technical Efficiency: As it was
indicated in Table 4, the results indicate that technical
efficiency is significantly influenced by seven explanatory
variables.
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Table 3: Maximum-likelihood estimates of the frontier model

Variables Coefficient SE Z

Constant  10.200*** 0.348 29.3
Labor  0.307*** 0.054 5.7
Land  0.025 0.03 0.83
Fertilizer  0.021*** 0.004 5.68
Organic  0.017*** 0.003 6.01
Oxen  -0.006** 0.003 -2.35
Seed  -0.098*** 0.034 -2.85

Sigma-squared  0.106   0.027
Lambda ( = /  ) 1.679 0.098 Number of obs = 200U V

Gamma (  = /(1+ ) 0.748   Prob > chi  = 0.00002 2 2

 Log-likelihood function = 65.103
Source: own survey result. ** and *** means significant at 5% and 1%
probability levels,respectively.

Table 4: Maximum-likelihood estimates of the frontier model for
inefficiency effect

Variables  Coefficient   SE Z

Constant  -1.645 1.573 -1.05
Age  0.007 0.015 0.48
Sex  0.357 0.500 0.71
Education  -0.333** 0.140 -2.37
Non/off-farm income  0.0001  0.00006 1.44
Family size  0.110 0.112 0.99
Economically active force -0.131 0.220 -0.59
Cultivated land  -1.795* 1.036 -1.73
Livestock holding  -0.172* 0.089 -1.94
Irrigation participation  -1.531*** 0.425 -3.61
Farmers training  -0.785** 0.346 -2.27
Extension  -0.034* 0.018 -1.86
Transportation -0.305 0.378 -0.81
Social status  0.834** 0.403 2.07
Soil fertility  -0.071 0.376 -0.19
Weather road distance  0.009 0.006 1.45

Log-likelihood function = 65.103 Wald chi  (6) =225.762

Number of obs = 200   Prob > chi  = 0.00002

Mean efficiency = 0.815

Source: own survey result. *, ** and *** mean significant at10%, 5% and
1% probability level respectively.

Education enhances the ability of farmers to see,
decipher and make good use of information about
production inputs, thus improving the efficient use of
inputs. That is, an educated farmer has the capacity to
understand and adopt improved technology that would
shift his or her production frontier upwards. In this study;
there was statistically significant and positive relationship
between the efficiency level and education of the
household head at less than 5% probability level, which
was similar with most empirical findings [16,19,20].

Livestock provides draught power, transport service;
manure and cash income to finance crop production.
Besides, pack animals are used for timely transportation

of the crops to a threshing point. Since threshing is
conducted using animal power, the availability of
livestock especially during peak periods is vital. It helps
reduce post harvest loses. Therefore, in this study
livestock holding positively affect the level of technical
efficiency at 10% statistical level of significance. As
regards livestock holding, the result in this study is in line
with the findings of several other empirical works
[8,16,21,22].

Extension contacts were positive and statistically
significant at 5% probability level. Extension services are
assumed to help in diffusion and adoption of new
technologies. Besides this, extension Services offer
guidance to the farmers related to the use of various
resources such as fertilizer and provide consultancy
services when farmers face the problems of disease and
pest attacks on their crop by managing their scarce
resources more efficiently. This result is also consistent
with other findings of [21,23].

Results of this study indicated that there was a
positive and statistically significant relationship between
cultivated area and technical efficiency. This variable is
mainly justified on the ground that those farmers with big
cultivated area can better diversify their crops. It is not
unlikely that large farms can quickly utilize existing
resources and might have a greater ability to access
modern inputs on time. This result is in fact related to the
findings of [20,24].

Participation in small-scale irrigation was positively
related and statistically significant at less than 1%
probability level with farm household technical efficiency.
Household with irrigation can use their land properly
throughout the year by producing short term vegetable
and chat to obtain cash needed. Irrigation also used to
escape from risk of crop failure and diversify their source
of income. This finding is in confirmation with the
findings of [20,25,22].

Farmers' training has positive and statistically
significant relationship with technical efficiency at less
than 5% probability level. This may be due to the fact that
training provides the farmers with new information in
terms of input utilization, soil conservation with
multipurpose vegetative crops, risk aversion, storage,
keep from wild damage, marketing their final outputs,
technology adoption and saving aspects. This result is in
fact related to the findings of [21].

Social status has negative and statistically significant
relationship with technical efficiency at less than 5%
probability level. The effect of social status on efficiency
is mainly justified on the ground that those farmers with
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big social obligation were busy and cannot better manage Thus government has to give due attention for adult
their farm. This result is consistent with the findings of education strengthening and establishing both formal and
[17]. informal type of framers' education. 

CONCLUSIONS AND RECOMMENDATIONS significant influence on the technical efficiency of

This study was undertaken with the objective of on artificial insemination and animal husbandry has to be
identifying factors that affect the farm households' improved to get better level of technical efficiency.
technical efficiency of smallholder farmers in Girawa The work indicated that extension contact has
district, Oromia National State of Ethiopia. The study positive and significant effect on technical efficiency.
employed the stochastic frontier approach and both Since extension services are the main instrument used in
primary and secondary data were used. Primary data were the promotion of demand for modern technologies,
collected through household survey from a sample of 200 appropriate and adequate extension services should be
households using semi-structured questionnaire. provided.
Secondary data were collected from relevant sources to Access to farmers training has a positive influence
supplement the primary data. Data analysis was carried on technical efficiency. Therefore, better training facility
out using descriptive statistics and econometric has to be produced via the establishment of adequate
techniques.    The  Cobb-Douglas  stochastic  frontier rural institutions and strengthening of the available
production  was  estimated,  from  which  TE  extracted. farmers training to improve farm productivity.
The results from the production function showed that The analysis also indicated that participation to small
fertilizer, inorganic, labour, oxen power and seed were scale irrigation is a crucial factor in determining technical
statistically significant. The study also indicated that efficiency of farmers. Therefore, farmers have to work to
81.5% was the mean levels of TE this in turn implies that improve the irrigation infrastructure and increase their
farmers can increase their farm production on average by participation to irrigation farming to diversify both crops
19.5% when they were technically efficient. and income base sources in farm household production.
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