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Abstract

This study examined the factors influencing technical efficiency in wheat farming in
Kenya using a stochastic frontier production function in which technical inefficiency
effects were assumed to be functions of both socioeconomic characteristics of the farmer
and farm-specific characteristics. The paper used random sampling to interview 160
farmers comprising 97 large-scale farmers and 63 small-scale farmers.

The results revealed existence of significant levels of technical inefficiencies in wheat
production, especially among the large-scale farmers. The study found that the magnitude
of technical efficiency varied from one farmer to another and ranged from 48.9% to
95.1%, with a mean of 87.2%. This implied that farmers lost close to 13% of the potential
output to technical inefficiencies. There was variation depending on the size of farm with
small-scale farmers attaining higher technical efficiency than the large-scale farmers.
The main factors that influenced the degree of inefficiency were education levels, access
to credit, and ownership of the capital equipment. Higher levels of education (12 years
and above or secondary and above) significantly reduced inefficiency as did access to
credit facilities and owning the farm equipment. The study recommended that farmers
be educated on the use of better techniques such as use of certified seeds and application
of recommended levels of fertilizer.

JEL classification
Key words: Productivity, technical efficiencies, stochastic frontier functions, and wheat
farming in Kenya



1. Introduction

heat is the third most important cereal crop in the world after maize and rice.!

In Kenya, wheat is the second most important cereal crop after maize (GokK,
2005). Wheat products are mainly consumed by the urban population and by the majority
of middle and high-income earners in the rural areas and its demand exceeds domestic
production by more that 50% (Nyangito et al., 2002). Originally, wheat production was
predominantly large scale. However, the sub-divisions and redistributions of most of the
former wheat farms in the 1970s led to the emergence of small-scale wheat farming.

Since the introduction of small-scale farming, the national output of wheat increased
from an average of 160,000 tonnes (t) in the 1960s to 220,000t in the 1970s and 1980s
and to the current levels of slightly over 300,000t (Gitu and Nzuma, 2003; GoK, 2003a).
Currently, the wheat industry contributes about 2.2% of the gross domestic product
(GDP) and employs over 200,000 people (Gitu and Nzuma, 2003). However, the average
production is still below the estimated average potential of about 600,000t that could be
achieved if the current cultivated land were to be optimally utilized and farmers planted
hybrid seed varieties developed by Kenya Agriculture Research Institute (KARI). The
hybrid seed varieties have a potential yield of about 6.42t/ha and since the national average
yield continues to remain low, averaging about 3.21 t/ha, there is a potential of 50% that
can be substantially improved (Nyoro and Jayne, 1999). Owuor (1999) estimated that the
yield range from 1.1 t/ha in low potential small farms to about 4.0 t/ha in high potential
large farms. This implies that under the current acreage under wheat cultivation, Kenya
can produce enough wheat to meet her domestic demand.

To exploit the current potential, farmers need to operate at the utmost efficiency levels.
By estimating the magnitude of technical efficiencies and examining the factors that
influence such resultant inefficiency levels, this paper aims to provide the way forward
to increasing productivity.

Wheat farming in Kenya started at the beginning of the 20th century when the
colonial farmers settled in the Kenyan highlands, a high potential agro-ecological zone.
Currently, wheat is grown in both high and low potential agro-ecological zones in the
Rift Valley Province (Uasin Gishu, Narok, Nakuru, Laikipia, Samburu, Nyandarua and
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Trans-Nzoia). Before independence, production was predominantly undertaken by white
farmers on a large scale. This scenario changed immediately after independence when a
few Asian and African farmers embarked on wheat production on a small scale. Today,
wheat production is undertaken by both the small-scale and large-scale farmers.?

Wheat production has remained lower than domestic consumption levels (Table 1).
Between 1990 and 2003, domestic output increased on average by 7.7% annually from
190,000t to 380,000t while acreage stagnated at around 130,000ha. As a result, the
country is a net importer of wheat.

Table 1: Domestic production and consumption, 19902003

Year Domestic production Acreage in Domestic

(’000 tonnes) (’000 hectares) consumption
in

(’000 tonnes)

1990 190.1 138.2 512.7
1991 264.5 143.1 714.5
1992 297 153.4 397.8
1993 212.8 154.2 527.2
1994 297 134.0 650.1
1995 3126 148.4 676.7
1996 315 156.6 801.9
1997 252 156.2 640.1
1998 270.8 142.9 749.7
1999 211.8 128.1 795.6
2000 204.2 131.8 840.2
2001 252 130.0 869.5
2002 309 144.3 824.2
2003 382.9 150.9 885

Source: GoK Economic Surveys (1995, 1998, 2001, and 2004), Gitu and Nzuma (2003).

Increased productivity and efficiency in wheat farming depends on several factors
including farm characteristics, socioeconomic characteristics of the farmer and government
policies. However, for one to design better measures aimed at increasing productivity it is
important to understand the magnitude of inefficiencies and the factors that influence them.
In the past, most of the efficiency studies on crop production worldwide have concluded
that lack of technical knowledge, poor access to credit and low levels of education are the
primary sources of technical and allocative inefficiencies. Since wheat farming is highly
mechanized, farmers have little control over the costs of farm inputs and the technical
combinations and, as a result, minimal influence on allocation inefficiencies. This implies
that increasing the efficiency of input-use by improving farmer knowledge and skills allows
for the exploitation of the potential productivity growth in the medium and long term.

This study aims to provide such information on efficiency levels of wheat production
in Kenya. The key research question is whether wheat farmers in Kenya are technically
(in-) efficient in their production.

The main aim of this study is to empirically assess the sources of technical (in-)
efficiency in wheat production using the stochastic frontier production function. The
specific objectives of the study are:

To determine and quantify the technical efficiency of the farmers.
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* To identify and examine the effects of socioeconomic characteristics of farmers on
technical efficiency.

The key hypotheses in the study are:

*  Wheat farmers in Uasin Gishu District are technically efficient in their production
levels.

* Farmers’ socioeconomic variables have no influence on their technical efficiency.

The rest of the study is organized as follows. Section 2 gives a brief review of the
literature of related theoretical and empirical studies and the theoretical framework used
to measure technical efficiencies and inefficiencies. In Section 3, we discuss the empirical
model estimated in this study. The results are provided and discussed in Section 4. Finally,
Section 5 gives the conclusion and recommendations of the study.



2. Literature review

Definition of technical efficiency

is to assist individual farmers or a group of farmers to attain their objectives

through efficient intra-farm allocation of resources at a particular time or over
a period. Efficiency is achieved either by maximizing output from given resources or
by minimizing the resources required for producing a given output (Varian, 1992). In
economic theory, production efficiency comprises technical and allocative efficiencies,
with technical efficiency reflecting the ability of a farm to maximize output for a given
set of resource inputs while allocative (factor price) efficiency reflects the ability of the
farm to use the inputs in optimal proportions given their respective prices and production
technology (Farrell, 1957).

Technical efficiency can either be output or input-oriented. An output-oriented
technical efficiency occurs when the maximum amount of an output is produced for a
given set of inputs while an input-oriented technical efficiency occurs when the minimum
amount of inputs are required to produce a given output level (Farrell, 1957). Therefore,
technical efficiencies are derived from production function or production possibility
frontiers.

O ne of the basic thrusts of economics of agricultural production at the micro level

Approaches for measuring technical efficiencies

S everal approaches have been followed in estimating technical efficiencies. The most
commonly used approaches include: the Malmquist index, the Data Envelopment
Analysis (DEA) and the stochastic frontiers.

DEA, attributed to Charnes et al. (1978), is a non-parametric (i.e., non-statistical)
or mathematical programming approach for considering optimum solutions relative to
individual units (e.g., firms) rather than assuming, as in optimized regression, that a
solution applies to each decision-making unit. There are two primary orientations of the
DEA approach to assess technical and economic efficiency: input- and output-oriented.
The input-based measure considers how inputs may be reduced relative to a desired
output level. The output-based measure indicates how output could be expanded given
the input levels. This approach has been adopted by Fulginiti and Perrin (1997; 1998),
Arnade (1998), Rao and Coelli (1998), Nin et al. (2003) and Trueblood and Coggins
(2003). A recognized limitation of using DEA to assess technical efficiency is that
recommendations for decreasing input usage or expanding output levels are in terms
of scalar valued ratios which are held constant (i.e., reccommendations are in terms of

4
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fixed proportions).

The Malmquist productivity index introduced by Caves et al. (1982a; 1982b) is a
binary comparison of two entities the input and output distance functions. Fére et al.
(1994) extended the index to allow for productivity comparison between one sector
and another and for decomposition of total factor productivity into change in technical
efficiency and technological change. The approach measures productivity change by
comparing observed change in output with the imputed change in output that would
have been possible from the observed input changes. The imputation is based on the
production possibility set for either the current or the subsequent period. During the
computations, it makes use of DEA to generate the ratio of two distance functions (input
and output distance functions) and their geometric mean (Fére et al., 1994). Several
empirical studies have adopted this approach (Grifell-Tatjé and Lovell, 1995; Fulginiti
and Perrin, 1997; Coelli and Rao, 2003).

The stochastic frontier approach specifies the relationship between output and input
levels using two error terms. One error term is the traditional normal error term in which
the mean is zero and the variance is constant. The other error term represents technical
inefficiency and may be expressed as a half-normal, truncated normal, exponential, or
two-parameter gamma distribution. Technical efficiency is subsequently estimated via
maximum likelihood of the production function subject to the two error terms [Aigner,
et al., (1977) and Meeusen and Van den Broeck (1977)]. Empirical studies that use the
stochastic frontier production function follow either the two-step approach that first
estimates the stochastic frontier production function to determine the technical efficiency
indicators and thereafter, these indicators are regressed on explanatory variables, which
usually represent the farms’ specific characteristics, using the ordinary least square
(OLS) method. Like many other approaches, the estimation of this approach is not
free of limitation. Its major drawback is the assumption that the inefficiency effects are
independent and identically distributed. To overcome this, Reifschneider and Stevenson
(1991) developed a model in which inefficiency effects are defined as an explicit function
of certain factors specific to the farm, and all the parameters are estimated in one step
using the maximum likelihood procedure, and hence the one-step approach. This one-
step approach has been used by other researchers (see Huang and Liu, 1994; Battese and
Coelli, 1995). Using either the two-step approach or the one-step approach to estimate
technical efficiency (inefficiency) specific empirical studies have identified several
factors including socioeconomic and demographic factors, plot-level characteristics,
environmental factors and non-physical factors as the likely determinants of technical
efficiency among farmers. However, the magnitudes of these factors differ from country
to country or from one study to another.

Out of these approaches, the stochastic frontier approach is the most preferred in
agricultural economics because the basic assumption of the non-parametric approach
and deterministic frontiers that all deviations from the frontier are due to farms’
inefficiency is highly unrealistic in the agricultural sector. Variability in agricultural
output is attributable to climatic hazards, plant pathology and insect pests, government
policies, international markets etc. Moreover, given the low education status of most
farmers, information gathered on production statistics may sometimes be inaccurate.
Furthermore, the non-stochastic approaches are extremely sensitive to outliers and if
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the outliers are a reflection of the above, they heavily distort the estimated frontier and
the efficiency measures derived from it. Most empirical analyses of stochastic frontier
approaches follow that of Aigner et al. (1977) reproduced below.

I-._l'._||_-|-£ AL A TE TR _'...'-b_l".J
L
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where y is the level of output, x is the value of input &k, € = v — w is the composite
error term, v is a two-sided error term and w is a one-sided error term. The random
(symmetric) error term v, represents random variations in the economic environment
facing production units, reflecting luck, weather, machine breakdown and variable input
quality; measurement errors and omitted variables from the functional form (Aigner
et al., 1977). However, the error term w, represents a variety of features that reflect
idiosyncratic effects that are specific to the production unit and that could enter the model
with either sign a negative entry implies inefficiency. The specific features include:
Farm-specific knowledge the will, skills, and effort of management and employees;
work stoppages; material bottlenecks; and other disruptions to production (Aigner et
al., 1977; Page, 1980).

Given that the frontier (or efficient production) for any particular farm is f (X |0 )+ il ,
then w is the inefficiency term, the random variable of interest. Since the data in Equation
1 are in log terms, u is a measure of the percentage by which the particular observation
fails to achieve the frontier, ideal production rate. If w=0, the production lies on the
stochastic frontier (Equation la) and is technically efficient; if u >0, production lies
below the frontier and is inefficient. The magnitude of the inefficiency term depends
on the specification of the distribution taken. Previous studies identify several forms of
possible distributions for the inefficiency term, the absolute value of a normally distributed
variable, an exponentially distributed variable, a truncated normally distributed variable
and the gamma density (Wang, 2002).

Methods for identifying determinants of technical
efficiencies

fter estimating technical efficiency, based on the stochastic production frontier,
literature proposes two main approaches to analysing the factors influencing
technical efficiency sources the two-stage estimation procedure and the one-stage
simultaneous estimation approach. The two-stage approach requires one to first estimate
the stochastic production function to determine technical efficiency indicators and then,
secondly, regress the derived efficiency scores on explanatory variables which usually
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represent the farm’s specific characteristics using ordinary least square (OLS) method
or Tobit regression. The major drawback with this approach is in the fact that, in the first
step, the inefficiency effects (1) are assumed to be independent and identically distributed
in order to use the approach of Jondrow et al. (1982) to predict the values of technical
efficiency indicators. In the second step however, the technical efficiency indicators
thus obtained are assumed to depend on a certain number of factors specific to the farm,
which implies that the ws are not identically distributed, unless all the coefficients of
the factors considered happen simultaneously.

Battese and Coelli (1995) proposed the one-stage simultaneous estimation approach
in which the inefficiency effects are expressed as an explicit function of a vector of
farm-specific variables. The technical inefficiency effects are expressed as:

u = Zjﬁ (2)

J

where uw, refers to the mean of the normal distribution that is truncated at zero to define
the truncated normal distribution associated with the inefficiency effect for farm j, zis a
vector of observed explanatory variables and d 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 inefficiency effects are specified
as a function of other variables including socioeconomic and demographic factors, farm
characteristics, environmental factors and non-physical factors.

Various researchers have undertaken studies to estimate the efficiency levels in the
agricultural sector (see, for example, Russell and Young, 1983; Battese and Coelli, 1988);
Parikh et al., 1995; Ajibefun et al., 1996; Heshmati and Mulugeta, 1996; Wang et al.,
1996; Seyoum et al., 1998; Weir, 1999; Obwona, 2000; Chirwa, 2003; Ajibefun and
Aderinola, 2004; Nchare, 2005). These studies found positive correlations between the
degree of technical inefficiency and education levels of farmers, age of farmers, land size,
proportion of hired labour used, per capita net income and negative correlations between
the degree of technical inefficiency and farming experience and off farm employment.

This study adds to the existing body of literature by using the stochastic frontier
approach to analyse the factors influencing technical efficiency among wheat farmers
in Uasin Gishu District, Kenya.



3 The model

Empirical model

ince measurement of technical efficiencies relies on the estimation of production

frontiers, as derived from a given production function, there is a need to first specify

the proposed functional form of the wheat production function to be estimated.
The most commonly used production function in econometric estimations (due to its
simplicity) is the Cobb-Douglas function. It assumes that the elasticity of substitution
between factors is always equal to one, implying that capital and labour are substitutable in
both the short and the long run. Other commonly used functions are the Constant Elasticity
of Substitution (CES) and the Transcendental Logarithmic (Translog). CES permits one
to vary the elasticity of substitution while the Translog (a more general function due to
its flexible function form) permits the partial elasticities of substitution between inputs
to vary, i.e., the elasticity of scale can vary with output and factor proportions, permitting
its long-run average cost curve to take the traditional U-shape.

After preliminary testing for the most suitable functional forms of the model
under the data set available, the Cobb-Douglas function was adopted in favour of the
more commonly used Translog function. The main focus of measures of the technical
inefficiencies is on the error term. The study adopts the one-stage estimation procedure
proposed by Battese and Coelli (1995) and subsequently by Chirwa (2003) to estimate
a stochastic frontier production. The one-stage procedure allows for simultancous
estimation of the parameters of frontier production function with those of the inefficiency
model.

The equations are defined as:

b =P+ 2 bk X + P8+ Dy + R0 +F, —p,

el (3)

where In is a natural logarithm, Y is the total quantity of wheat harvested (in kgs); X;
represents the quantity of input i used in the production process such as labour, farm
size, capital, fertilizers, seed; D, represents dummy variables introduced to capture access
to credit as source of income for investment, the differences in education levels, and
use of certified seeds; V,represents the random variable with zero mean and unknown
Tl represents the non-negative random term Hy SRR representing the technical

8
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inefficiency in production of farm j.

From the stochastic production function specified (Equation 3), the technical efficiency
of farm j can be written as 7 Ej=exp(-uj). TE, is measured on a scale of 0 to 1. A value of
1 indicates that farm j displays complete technical efficiency while a value less than 1
indicates some level of inefficiency. TF  is in effect an expression of a farmer’s capacity
to achieve results comparable to those indicated by the production frontier.

The technical inefficiency measure is assumed to be independently distributed between
observations and is obtained by truncation at 0 (point) of the normal distribution with

mean ,, and variance O Equations 3 and 4were estimated simultaneously using the
MLE approach

TEj:uj:ao-i-a,AGE+0LZEXTZvervice+a3ED U+a,CREDfinance+a. EQUPowner+
o ,MKTmode+o. PARTtimelabor+o FAMILYlabour+e 4)

Description of variables and the regression expectations

his sub-section provides a description of the variables of (3) and (4). Data on these

variables were collected in absolute terms and transformed later through logarithmic
operations. Where data were provided per unit of measurement, simple multiplicative
transformations were carried out to arrive at total amounts.

Output (Y): The total output of a farmer was measured as
the total quantity of wheat produced in a crop
year and measured in kilogrammes. Though
most of the farmers measure their output in
terms of 90-kg bags, simple transformation
was used to compute the total output.

Labour (X)): Total person-days engaged per season and
includes all the economically active persons
involved in wheat farming, i.e., family and
hired labour. Labour is expressed as person-
days and is the summation of family labour
and hired labour. No distinction was made
between either male and female or skilled
and unskilled labour. It is expected that labour
will positively influence the level of output.

Farm size (X)): The total acreage of land under wheat
cultivation is an important determinant of the
total output in any given season. Farm size
will depend on the ownership and whether it
is a large- or a small-scale holding. Output
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Capital equipment (X,):

Fertilizer (X):

Hybrid seeds (X)):

Dummy variable (D,):

Dummy variable (D,):

ResearcH PapPer 206

will be expected to depend positively on the
size of land under cultivation.

A capital index measuring the total machine-
hours from the combination of all the capital
equipment tractors and combine harvesters
either hired or owned by a farmer. Wheat
farming is a capital intensive activity and
availability of the different machinery is
important.

Total quantity of fertilizer used. It is
measured in kilogrammes as the sum of all
the various types of fertilizers consumed
nitrogen, phosphorus and potassium (NPK),
diammonium phosphate (DAP), nitrogen
fertilizer (Urea), and calcium ammonium
nitrate (CAN).Use of the recommended
quantities of fertilizer is critical and will have
a positive effect on output. The recommended
quantities will be as defined by the Ministry
of Agriculture officials in collaboration with
KARI researchers. These differ from one
agricultural zone to another.

The total quantity of seeds measured
in kilogrammes. Different varieties of
seeds are recommended (by Ministry of
Agriculture officials in collaboration with
KARI researchers) for different ecological
zones. Use of high yield hybrid seeds
purchased from recommended dealers will
have a positive effect on production.

Focuses on credit as one of the sources of
finances used by farmers to pay for various
wheat farming activities. It captures the
different levels of sources of income for
investment and assumes a value of 1 if credit
is accessed, otherwise 0. Availability of credit
is important as farmers incur high expenses
when they purchase farm inputs like seeds,
fertilizer and chemicals. In addition, some
farmers hire capital equipment.

Captures the differences in education levels.
The dummy assumes a value 1 if education
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Dummy variable (D,):

Farming experience (EXP):

Age (AGE):

Education (EDU):

level is secondary and above (12 years and
above), 0 otherwise.

Captures the differences in usage of certified/
hybrid seeds and uncertified/locally cured
seeds. It assumes a value of 1 if farmers
planted certified seeds purchased from
authorized dealers, 0 otherwise.

A farmer’s wheat farming experience
is measured in years of wheat farming.
Literature reviews on farming experience
on efficiency have given mixed results.
Farming experience could have negative
or positive effects on the efficiency of the
farmer. Parikh et al. (1995) reported a positive
relationship between the age of the farmers
(which is positively correlated with farming
experience) and the efficiency of farmers
in Pakistan and Ethiopia. These findings
stem from the fact that farmers with more
experience and who are older are likely to
be more conservative and therefore less
willing to adopt new practices, thus leading
to low efficiencies in production. Coelli and
Battese (1996) reported negative production
elasticity with respect to farming experience
for farmers in two villages in India, thus
suggesting that older farmers are relatively
more efficient and vice versa.

The farmer’s age is measured in years.

Studies have shown that farmers with formal
education have a great ability to adopt new
technology and innovation. This is expected
to have a positive influence on their level of
efficiency. Coelli and Battese (1996) have
confirmed the positive influence of education
on farmers’ production efficiency. The
dummy assumes a value 1 if the education
level is secondary and above (12 years and
above), 0 otherwise.

Ownership of equipment (EQUPowner): Whereas some farmers own all
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Mode of marketing (MKTmode):

Part-time farmer (PARTtime):

Use of family Labour (FAMILYlabour):

Extension services (EXTservice):
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the required capital equipment, others
rely on hired ones. The capacity of the
capital equipment differs from one model
to another. The dummy assumes a value 1 if
capital equipment is hired by farmer and 0
otherwise.

Farmers can either sell their produce through
government agencies or privately to millers
and middlemen. The dummy assumes a value
1 if privately marketed and 0 otherwise.

Some farmers engage in wheat farming
part-time and switch from wheat farming
to maize farming from time to time. This
category of farmers differs from those
farmers who consistently engage in wheat
farming regardless of the prevailing market
prices of wheat at the end of the season. The
dummy assumes a value 1 if part-time and 0
otherwise.

Family and hired labour play an
important role in agricultural production,
especially in developing economies where
capital equipment is less significant. The
dummy assumes a value 1 if only family
labour is used and 0 otherwise.

Auvailability of agricultural extension services
influence the adoption of better farming
methods and especially the use of the right
quantities of fertilizer, seeds and pesticides.
The dummy assumes a value 1 if a farmer
received at least one extension services visit,
0 otherwise.



4, Empirical results

This section presents the data analysis and results from the empirical estimation of

the empirical model discussed in the previous section. Data were collected through

a field survey conducted in April 2005 in Uasin Gishu District in Eldoret. The
sample survey comprised of 160 randomly selected wheat farmers. Farmers were
classified into two categories based on the size of their farms: (i) Small farms and (ii)
Large farms. Small farms were defined as those whose wheat growing area range between
0.2ha and 8ha and the large farms as those with wheat growing area of over 8ha (the
study did not distinguish between medium- and large-scale farmers). The 160 farmers
analysed in the study comprised 63 small-scale farmers (40%) of the respondents and
97 large-scale farmers (60%) of the farmers. Questionnaires were administered to the
individuals involved in the day-to-day overall decision making and management of the
farms. Thus the respondents were either the head of the household or the manager of the
farm. The study focused on the 2004 crop year and therefore relied on recall information.
The study benefited from the fact that most of the farmers were, at the time of data
collection, preparing their farms for the 2005 crop year and hence could easily recall
the process they underwent during the previous season.

Descriptive statistical analysis of the variables

Before econometric estimation, the descriptive characteristics of the data
collected (Table 2) were examined. An analysis of the socioeconomic characteristics
of the farmers revealed that small-scale farmers were relatively young with a mean age
of 42 years compared with 55 years for the large-scale farmers. In addition, small-scale
farmers were the more educated of the two categories. Only 3.2% of the interviewed
small-scale farmers had no education at all compared with 28.9% of the large-scale
farmers. More small-scale farmers (69.8%) had secondary education and above than
the large-scale farmers (45.8%). On farm ownership, 14.2% of the small-scale farmers
hired their farms compared with 8.3% of the large-scale farmers. Of the sampled farmers,
52% opted to use their own sources of income instead of credit compared with 48% who
accessed credit facilities (comprising of 27% small-scale and 61.4% large-scale farmers.
The main reasons given were: High cost of credit and difficulties in repaying the loans;
lack of collateral; too many conditions; and farms too small. A comparison of farming
characteristics of the selected farmers is presented in Table 2.

Table 2: A comparison of small and large-scale farming characteristics

13
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Small scale (N=63) Large scale (N=97)

Mean  Std. Std. Mean Std. Std.

deviation error deviation error

Mean Mean
Years of agric farming experience 15.0 8.6 1.1 24.6 10.8 1.1
Years of wheat farming experience 9.5 7.2 0.9 222 10.6 1.1
Size of the farm under wheat (ha) 3.3 1.7 0.2 299 726 7.4
Total person-days (labour) 111 111 1.5 11.6 4.7 0.5
Quantity of fertilizer used (kg/ha ) 185.6 371 4.7 186.3 341 3.5
Quantity of seeds (kg/ha ) 2024 334 4.2 216.7 171.0 17.3
No. of equipment and machinery used 2.9 0.9 0.1 3.7 2.3 0.2

Output or quantity of wheat in t/ha 3.44 1.00 0.13 3.1 3.92

0.400

Source: Computed from author’s field survey based on 2004 crop year.

On average, small-scale farmers cultivated about 3.2ha of land yielding an average
of 3.44t/ha. The average farm size for the large-scale farmers was about 29.5ha (and
in the sample a maximum of 546ha) of land yielding average of 3.11t/ha . Although
the large-scale farmers had more than double the years of wheat farming experience of
small-scale farmers, this did not seem to help them produce higher yields.

Small-scale farmers tended to use more seeds than those recommended by the
agricultural officer from the Uasin Gishu district agricultural office and researchers
from KARI. Farmers believe that a higher seed rate leads to more wheat and minimal
weed rates. Whereas the recommended seed rate is 123.5kg/ha, most farmers used on
average between 172.9kg/ha and 222.4kg/ ha depending on whether the seeds were
certified. 16.3% of the farmers interviewed used certified seeds only whereas 72.5%
used uncertified and 11.3% used both certified and uncertified seeds.

Estimates of empirical model

data needed to compute an index for measuring capital inputs before estimating

the model defined in (3) and (4). Though some farmers owned tractors, most
farmers (both small and large scale) in Uasin Gishu District relied on hired capital
equipment this included tractors for ploughing, harrowing and fallowing, planting
and spraying; sprayer machines; and combine harvesters. Farmers indicated that there
were as many as 27 different types of tractors used. According to expert opinion from
experienced farmers in the sample, agricultural officers and researchers from KARI, it
was established that it takes an average tractor 2025 minutes to plough or harrow lha
of an existing farm depending on the terrain and the size of the farm. Though the size
of farm may not matter much when it comes to ploughing and harrowing, it is highly
significant when spraying and harvesting. A sprayer or combine harvester takes about
15 minutes to work on lha in a large farm compared with 20min/ha on a small farm.
Using this information, an index of 0.821 for large-scale farmers and 1.145 for small-
scale farmers, was computed as capital use per hectare.

The descriptive analysis of the data and the cleaning of the data set revealed the
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Technical efficiencies of wheat framers

In order to examine the technical efficiencies of the selected farmers, the stochastic
production frontier model was estimated. The maximum likelihood estimates (MLE) of
the parameters are presented in Table 3. To separate the stochastic and the pure technical
efficiency effects in the model, the study first selected the distributional assumption
for u, (Bauer, 1990). Based on the literature on technical efficiency estimation, four
distributional assumptions have been proposed: an exponential distribution, i.e.,

n, =eapl (Meeusen and van der Broeck, 1977); a normal distribution truncated at

i T
zero, for example, " Fal (Aigner, et al., 1977); a half-normal distribution
truncated at zero, i.e., . e (Jondrow et al., 1982); and a two-parameter
Gamma/normal distribution (Greene, 1980; 1990).

This study assumed that the stochastic errors follow an exponential distribution.
Compared with other forms of distributions, the exponential distribution allows for more
farmers to operate at higher levels of efficiency. The exponential distribution assumption
puts the mode at zero, implying that a high proportion of the farmers being examined
is perfectly efficient.

In the process of regression and analysing the results, it was established that the
variable measuring the size of farms (acreage under wheat farming measured in hectares)
was highly correlated with those variables generated through multiplicative operation
that involved number of hectares. As a result, the variable was dropped in the final
regression.

Table 3: MLE estimates of stochastic frontier production function for wheat

farming

Explanatory variable Parameter Coef. Std. err. z
Constant B, 5.639* 0.6491 8.690
Labour inputs (person days) B, 0.3633* 0.0704 5.160
Capital inputs (hours) B, 0.1265** 0.0571 2.250
Quantity of fertilizer (kg) B, 0.2743* 0.0668 4.110
Quantity of seeds B, -0.1566 0.1265 -0.120
Credit access as a source of finance Bs 0.0074 0.0039 1.870
Education level Bs 0.0740* 0.0245 3.020
Certified seed dummy B, 0.2039 0.0526 3.880
Variances parameters o? 0.0641

0 0.5806
Log (likelihood) -6.400
Technical efficiency 0.8728

The results reveal that use of fertilizer; labour inputs, capital inputs, education levels,
and certified seeds are major determinants of the level of output. The findings concur
with those by Evenson and Mwabu (1998) that demonstrated positive and significant
relationship between fertilizer use and productivity. Access to credit as a source of finance
though important was not statistically significant at 5% level.
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The likelihood ratio test that there is no inefficiency was rejected at a 5% level of
significance. The estimated value for the variance parameter a of the frontier function
was less than 1 and statistically significant from 0. This implies existence of technical
inefficiencies among the wheat farmers and justifies the need to include the technical
inefficiency model during the estimation of the empirical model. The mean technical
efficiency was computed as 87.2%. These findings indicate that farmers lose close to
13% of the potential output to technical inefficiencies. The magnitude of technical
efficiency varies from one farmer to another ranging from 48.9% to 95.1%, with a mean
of 86.6% for the large-scale farmers and 71.7% to 94.9% with a mean of 88.2% for the
small-scale farmers. The results suggest that the small-scale farmers are slightly more
technically efficient than the large-scale farmers. Furthermore, a look at the frequency
distribution of the levels of inefficiencies revealed that about 15% of the large-scale
farmers experienced inefficiency levels of over 20% compared with only 5% of the
small-scale farmers.

Determinants of technical efficiencies

The differences in technical efficiencies observed earlier may be attributed to farmer-
specific characteristics. This is particularly true given the high level of mechanization of
wheat farming and the finding that the use of farm inputs was almost equal among all the
farmers. A farmer’s ability to acquire, manage and handle the farm inputs and implements
could influence technical efficiency. To assess the determinant of technical efficiency, the
estimation of an inefficiency model was performed simultaneously with that of the stochastic
production frontier model and the results are presented in Table 4.

Table 4: Empirical estimates of factors that influence technical inefficiencies

Explanatory variable Parameter Coefficient. Std. err. z

Constant o, -11.358 261 -4.350
Age a, 0.0590* 0.020 2.860
Extension services dummy a, -0.2321 0.532 -0.440
Education level dummy o, -0.6484 0.6514 -1.000
Credit access as a source of finance dummy a, -1.2553 0.774 -1.620
Equipments ownership dummy O 2.2233* 0.8180 2.720
Mode of marketing O 0.8778* 0.4108 2.140
Part-time farmer a, 1.007 0.5369 1.880
Family labour O -0.2439 0.1814 -1.340

The main factors that influence the degree of inefficiency are ownership of capital
equipment, the mode of marketing adopted, whether the farmer engages in full-time or
part-time wheat farming, and, to a lesser extent, access to credit as a source of finance
and level of education. Hiring of capital equipment significantly increases the level
of technical inefficiencies of farmers and so does the reliance on private marketing of
wheat. The age of the farmer and the years of wheat farming experience were strongly
correlated and hence the model retained age of the farmer as the explanatory variable.
Surprisingly, as the farmers grew older, their inefficiencies increased. This could be
because most of the elderly farmers continued to utilize uncertified seeds which they
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preserved from their best crop. In addition, these farmers had low levels of education,
often provided poor supervision and were slow in responding to emergencies such as
outbreaks of crop disease. Higher levels of education (12 years and above or secondary
and above), though not statistically significant, reduced inefficiency as did access to
agricultural extension services. The access credit as a source of finance also reduced
inefficiency but was only significant at about 10%.

Summary of the empirical findings

The empirical findings revealed that wheat farmers in Uasin Gishu District experienced
significant levels of technical inefficiencies. The mean technical efficiency was computed
at 0.872 but this could go to as lower as 0.489 or 0.717 depending on whether the farmer
is large- or small-scale respectively. The maximum efficiency level was estimated at
0.951. The small-scale farmers had a higher technical efficiency than the large-scale
farmers.

The mean inefficiency was about 13.3% for large-scale farmers and 11.7% for small-
scale farmers. This means that close to 13% of the potential output cannot be exploited
due to inefficiency of the farmers. The main causes of inefficiency were identified
as education level, access to credit, age of the farmer, and ownership of the capital



equipment. An improvement in higher education levels and access to credit (that is
assumed to be utilized in the purchase of farm equipment and high quality seeds) would
increase wheat productivity in the district and in the country at large.

years due to the important role improved efficiency plays in growth of

institutions/industries. But what is efficiency and how can we improve it?
Efficiency is the ability to attain outputs with a minimum level of resources. It is therefore
related to productivity which is commonly defined as the ratio of outputs to inputs.

In order to manage and improve efficiency, we first need to measure it. Efficiency
improvement is a continuous process. Economists usually measure the efficiency of an
industry/farm based on the production function, which specifies the relationship between
the observed inputs and output. To estimate technical efficiency levels, one defines a
production frontier from a specified production function. A production frontier indicates
the maximum output that can be produced under different input combinations; the ratio
of the unit’s output to the maximum possible output gives a measure of efficiency (range
between 0 and 1).

This paper provides an assessment of technical efficiency among selected wheat
farmers in Uasin Gishu District. The study analysed the factors that influence such
efficiency levels by estimating a stochastic frontier production function. The explanatory
variables of the technical inefficiencies were also estimated. The study found that the
average farm sizes of the small-scale farmers were close to one-tenth of those cultivated
by the large-scale farmers. In addition, it was established that the large-scale farmers
had more than double the years of wheat farming experience of small-scale farmers, but
this did not seem to help them produce higher yields.

The empirical results predict that technical inefficiency effects were significant in
explaining the yield for both small- and large-scale farmers. The mean technical efficiency
was estimated at 87.2%. The inefficiency model indicated that all farmers were less
efficient in their production and lost to the tune of 13% of their potential output. These
losses differ from one farmer to another. The small-scale farmers had a slightly higher
technical efficiency than the large-scale farmers. The mean technical efficiency for the
small-scale farmers was 0.88 compared with 0.86 for the large-scale farmers.

The main factors that influence the degree of inefficiency are ownership of the capital
equipment, the mode of marketing adopted, whether the farmer engages in full-time or
part-time wheat farming, access to credit as a source of finance, and, to a lesser extent,
the level of education. Contrary to expectations, the age of the farmer, which was meant

Measurements of technical efficiency have received increasing attention in recent
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to proxy for experience, seems to increase inefficiency.
The study recommends:

* That in order to enhance productivity there is need to emphasize improvement of
the socioeconomic characteristics of farmers. Since education levels significantly
influenced output, the focus should be on better training for the farmers and on
encouraging the use of better farm inputs. This would discourage the farmers’ belief
that use of traditionally treated seeds leads to high yields. Training of farmers can
be intensified by increased extension services via demonstration farms within the
vicinity of most farmers.

* Onaccess to credit as a source of finance, the agricultural finance institutions should
focus on provision of credit for purchase of equipment and farm inputs. This can be
done through farmers’ cooperatives and other organizations at the local level.

* That the Ministry of Agriculture adopts appropriate measures that will ensure
availability of fertilizer at affordable rates to farmers. The study established that
farmers indicated that shortages and high costs of fertilizer were a major limitation
to their productivity. The Ministry of Agriculture, through the National Cereals and
Produce Board, should import and distribute fertilizers to depots within the vicinity
of farmers and introduce a price cap on the costs.



* That the National Cereals and Produce Board be mandated to purchase all the produce
of farmers and open up temporary purchase depots within the vicinity of farms.

Notes

1. See Wikipedia, the free encyclopedia, for recent trends.

2. Small-scale farmers grow wheat area ranging between 0.2 hectares and 12 hectares (or 29.6

20



acres) while the large-scale farmers have over 20 hectares and a few over 1,000 hectares
(GoK, 2004)
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