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Abstract A study to investigate the technical Efficiency associated with rice production was carried in Mwea irrigation
Scheme. Two groups of farmers were compared, one group consisting of farmers growing a single crop of rice in a year
and the other growing a double crop of rice in a year. Most of rice production in Kenya comes from Mwea Irrigation
Scheme. Until 1998, the Government’s National Irrigation Board was running the Scheme. Since, the management has
been taken over by a local farmer’s cooperative society, the Mwea Multipurpose Rice Growers. This latter management
however lacks the resources and facilities for effective management and this has led to a decline in rice production in the
Scheme. There have been constraints in credit and extension facilities as well as other physical production inputs. The
study uses a stochastic frontier production function model in which the technical inefficiency effects are assumed to be a
function of farmer’s specific characteristics as well as institutional factors. Empirical results indicated that farmers growing
a single crop of rice were more technically efficient that those growing a double crop of rice in a year. Farmer’s education
level and farming experience as well as availability of credit and extension facilities were found to be significant variables
influences technical efficiency. The study recommended that a policy to facilitate the availability of credit and extension
services to farmers has to be drawn, as well as a policy which would encourage research on a dry land crop to rotate with
rice rather than growing two crops which are technically inefficient.
Key words: Rice, Technical efficiency, stochastic frontier production function.

Introduction
Mwea Irrigation Scheme (MIS) was started in the 1950s as
a settlement project for landless and unemployed exdetainees of the pre-independence freedom struggle. It was
intended for rice production under irrigation and has become
the largest and most efficient irrigation scheme in Kenya, at
least until 1998. It played a pivotal role in the 1980’s when
the cost of food import skyrocketed with respect to value of
the domestic currency. It is expected to continue making an
important contribution to the agricultural economy now and
in future.
The Scheme however, has in the recent past undergone
various institutional and management changes that have
impacted negatively on paddy production. A local farmers’
Cooperative Society, the Mwea Multi-Purpose Rice Growers
(MMRG) which lacks the resource and the capacity for
effective management, now runs the Scheme, which until
1998 was under the management of the Government’s
National Irrigation Board (NIB). This inability to render
services has apparently resulted in a near breakdown of
among others, the provision of production inputs, research
activities, extension services and credit facilities. This has
led to a marked fluctuation in mean crop production in the
recent past. For example a total of 31,352 tonnes of paddy

were produced in 1997/98-crop year as compare to only
27,488 tonnes produced in 1996/97-crop year (Kenya, 1999).
Due to MMRG lack of capacity in management and further
due to the unpopular license system of land tenure, there has
been an emergence of dissatisfied farmers within the scheme
with parallel paddy production and marketing. These recent
developments have resulted to lowered rice yield especially
due to competition for irrigation water.
The NIB, and currently the MMMRG production pattern
in the scheme has been that of a single rice crop in a year
leaving the land idle for the rest of the year. During this
period, material and human resources are not utilized and
remain idle. This practice has been contested as being
irrational, especially by the sons and daughters of the scheme
tenants. These young farmers, popularly referred to as Jua
Kali farmers, sprung up in the scheme taking advantage of
the breakdown in management controls by growing a double
crop of rice in a year. These farmers divert irrigation water
from the scheme’s main water canals and produce their rice
on small plots of land excised from the scheme’s fallow land
and on road reserves.
The issue of double rice crop in a year as opposed to a
single rice crop has not been addressed and cannot be ignored
any further. For instance, there is no economic evidence to
support either of the two production patterns, the single rice

crop in a year associated with the MMRG tenants or the
double rice crop in a year for the non-MMRG Jua Kali
farmers. It is not clear which of the two production patterns
or which group of farmers is more technically efficient. Thus,
this study assessed and compared the technical efficiency of
the two groups of rice farmers.

Analytical framework. The analysis of technical efficiency
of rice production for the two groups of farmers was carried
out on a production function model of the Cobb-Douglas
Stochastic Frontier type. The computationally attractive
characteristic of the Cobb-Douglas production function is
that it becomes linear in the logarithms of the variables
(Yotopoulos et al., 1976).

Methodology
The study area. This study was conducted in Mwea
Irrigation Scheme. The Scheme is in Mwea Division of
Kirinyaga District in Central Kenya at the base of Mt. Kenya,
about 100 kilometers North-East of Nairobi, the capital city.
The scheme occupies the lower altitude zone of the district
with expensive low-lying marshy areas mainly comprising
of black cotton soils. It is in the mid-altitude range between
1,489 and 2,000 metres above sea level with diurnal
temperature of 15oC and 30oC. Annual rainfall ranges from
356 to 1626 millimeters with an average of 950 millimeters.
Rainfall distribution is erratic and bimodal, with long rain
in April/May and short rains in October/November. The main
agricultural activity is the rice mono cropping. Rice is grown
on irrigated paddies that are flooded for about have of the
year. According to 1999 national population census, Mwea
division had approximately 150,000 persons.
Sampling Design and study area. This study was conducted
in Mwea Irrigation Scheme. It was part of a larger research
project (Agro-Ecosystem management for community based
integrated Malaria control in East African Irrigation
Schemes), which was being carried by the International
Centre for Insect Physiology and Ecology (ICIPE) in
collaboration with researchers from the University of Nairobi,
Kenya Medical Research Institute (KEMRI) and the
International Water Management Institute (IWMI).
To achieve all the objectives of the different participants in
the study, a three phase selection criterion was used to identify
the study households. The third phase comprised the actual
household data collection, based on individual researcher’s
disciplinary objectives and scope of his/her study. For this
particular study, the household comprised the unit of
sampling. Based on the list frame of households developed
during phase two of the overall study, probability
proportional sampling was used to sample households in two
scheme villages. A total of 106 households were sampled,
61 being MMRG dependent and 45 from the non-MMRG
or the Jua Kali farmers.
A semi-structured questionnaire was developed for
households’ survey data collection, field enumerators from
the local community were trained on the questionnaire
administration. Before the actual data collection was
initiated, a pre-test of the questionnaire was carried. The
questionnaires were finally administered to the household’s
heads and in their absence, to the most mature person
available and over 18 years.

Technical Efficiency. The technical efficiencies of the two
groups of farms (MMRG dependent and non-MMRG farms)
were estimated by the parametric approach using a stochastic
frontier production function, proposed by Battese and Coelli
(1995). Since the pioneering work of Farrell in 1957, a great
deal of effort has been directed towards the estimation of
frontier models of a production technology and obtaining
efficiency measures. The types of models used included
nonparametric deterministic models, deterministic full
frontier models, stochastic full frontier models, and stochastic
frontier models.
The basic concept of a stochastic frontier production
function was first proposed by Ainger, Lovell and Schmidt
(1977) and Meeusen and Van den Broeck (1977a). The same
concept was applied in this study. The stochastic frontier
production function can be expressed as follows:
Yi
and
Ei

=

Xi ß + Ei

(1)

=

Vi – Ui

(2)

Where:
Yi denotes output for the i th sample farm (i=1,2,…N):
Xi is a (1 x k) vector of inputs associated with ith sample
farm;
ß is a (k x 1) vector of the coefficients for the associated
independent variable in the production function;
Ei is the composed error term consisting of Vi and Ui;
Vi are the usual two-sided error term and are assumed to
be independent and identically distributed as N (0, s2v),
independently of Ui. They reflect the usual random effects
found in any system. Ui are one-sided error term, nonnegative, technical effects, which are assumed to be
independently and identically distributed random variables.
Ui measures the farm’s technical inefficiency in that it
measures output shortfall from the maximum possible output
given by the stochastic frontier. Thus, if Ui = 0 , then the
farm lies on the production frontier and its is obtaining the
maximum output, given the prices and the fixed factors. If
Ui > 0, then the farm is inefficient and loses due to technical
inefficiencies. If the random error Ui is absent from the
model, then equation (1) becomes the “average frontier”
model used in most econometric studies and subject to
criticism by Farrell. On the other hand, if the random
disturbance, Vi is absent from equation (2), the model
becomes a full frontier or deterministic model, often
estimated by Linear Programming (e.g. Timmer, 1970).
One of the primary criticisms of deterministic estimators
is that no account is taken of the possible influence of
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measurement errors and other noise upon the shape and
positioning to the estimated frontier, since all observed
deviations from the estimated frontier are assumed to be the
results of technical inefficiency (Coelli 1995; Bauer 1990).
Empirical Model. The stochastic frontier production
function for the rice farmers is assumed to be:
In OUTPT =
ß 0 + ß1 In (LABR) + ß2 In (TRACST) +
ß 3 In (ADP) + ß 4 In (FERT) + ß 5 In (PESTCD) + ß 6 In (SEED)
+ ß 7 In (LAND) + ß8 In (IRRG) + Vi - Ui
(3)
Vi are assumed to be independently distributed normal
random variables with mean zero and variance s 2 V
independently distributed of Ui; U i are non-negative technical
inefficiency effects, which are assumed to be independently
distributed and arise from the truncation (at zero) of the
normal distribution with variance s2 and mean µi defined
by:
µi = d 0 + d 1 (EDUCAT) + d 2 (AGE) + d 3 (EXTN) + d 4
(CREDT)
(4)
Where:
Ln
Denotes natural logarithm;
OUTPT Denotes total paddy output in Kilograms
LABR Denotes total labor input in man-hours both family
and hired labor
TRACST
Denotes total operating expenses of hiring
tractors in Kenya shillings
ADP
Denotes total operating expenses of hiring ox in
Kenya shillings
FERT
Denotes amount of inorganic fertilizers applied
in 50kg bags
PESTCD
Denotes total cost of pesticides applied in
Kenya shillings
SEED Denotes amount of seed used in the nursery in
kilograms
LAND Denotes farm size under paddy measured in
hectares
IRRG Denotes total expenses on irrigation water and
facilities in Kenya shillings
EDN
Denotes the maximum years of formal schooling of
the primary decision
Makerere Universty
AGE
Denotes age of primary decision-maker in years
EXT
Denotes access to extension services (dummy
variable used, 1 if in contact and 0 if not)
CDT
Denotes access to credit facilities (dummy variable
used , 1 if available and 0 if not)
?’s and d’s
Denotes the unknown coefficients to be
estimated.
The stochastic frontier defined by equation (3) has as
explanatory variable: Labor involved in rice production,
mechanized tractor power, animal draught power, chemical
fertilizer, pesticides, seed, land and irrigation water and
facilities. These variables are assumed to explain the output
of rice in Mwea Irrigation Scheme. It is further hypothesized

that the rice output is also influenced by farmers’ specific
characteristics and institutional factors, such as household’s
head education level and age, and accessibility to credit and
extension services.
The technical inefficiency outlined by equation (4)
indicates that the inefficiency effects in a stochastic frontier
(3) are expressed in terms of the mentioned farmer’s
characteristics and institutional factors as explanatory
variables.
The unknown coefficients ß and d are estimated together
with variance parameters expressed as s 2v + s 2u and s 2u / (s 2v
+ s 2u). The parameter ?, has a value between 0 and 1. A ?parameter close to 1 implies that the technical inefficiency
effects are significant in the stochastic frontier model and
that the traditional production function, with no technical
inefficiency effects is not an adequate representation of the
data. Battese and Coelli (1995) stated that the technical
efficiency of production of the ith farmer in the appropriated
data set, given the levels of his inputs, is defined as: TEi =
exp (-Ui)
(5)
The technical efficiency of a farmer is between 0 and 1
and is inversely related to the level of the technical
inefficiency effect. It is predicated using the conditional
expectation of, exp (-Ui), given the composed error term in
equation 1. In this specification, the parameters, ß, d, s v, s u
and ? can be estimated by method of maximum likelihood,
using the computer program FRONTIER Version 4.1, which
also computes farm specific efficiency levels.
Variance parameters. The ?-parameter associated with the
variance of the technical inefficiency effects in the stochastic
frontiers are estimated to be 0.99 (Table 1) for both groups
of farms, implying that the technical inefficiency effects are
significant in the stochastic frontier model and that the
traditional production function with no technical inefficiency
effects is not an adequate representation of the data.
The estimated parameters of the stochastic frontier had
the a priori expected signs, except mechanized tractor
services, irrigation and pesticide variables in the MMRG
independent farms. Labor variable coefficients, on the other
hand, had a negative sign in the MMRG dependent farms.
The model had a good fit, with seven out of eight
variables in each farm group being significantly different
from zero. Animal draught power variable was not
statistically different from zero in the MMRG dependent
farms, while seed input variable was not statistically different
from zero in the MMRG independent farms. Tractor power,
chemical fertilizer, pesticides, land and irrigation variables
were all significantly different from zero at 1% level of
significance for both groups of farms. Labor variable was
significant at 1% in MMRG dependent farms and at 5% in
MMRG independent farms. Animal Draught Power was
significantly different from zero at 5% level of significance
in MMRG independent farms, whereas it was insignificant
in MMRG dependent farms. Seed input variable on the
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other hand was significant at 1% in MMRG dependent farms
and insignificant in MMRG independent farms.
The empirical results from the stochastic frontier shown
in Table 1 gives the estimated elasticities of production (ß i’s).
They represent the percentage change in the dependent
variable as the independent variable is changed by one
percent, all other inputs being held constant. The results
show that, for example, if labour input is increased by one
percent, rice output in MMRG dependent farms would
decrease by 0.02%, holding other inputs at their current levels
of use. The same increment of 1% labour input would,
however, increase rice output by 0.01% in the MMRG
independent farms. The rest of the elasticity coefficients
can be interpreted in the same manner.
Inefficiency Model Results. Economic efficiency tests only
evaluate actual productivity relative to potential productivity
and do not irrationally on the part of farmers who are
inefficient. It may well be the case that farmer’s failure to
use the most efficient techniques is due to non-physical
inputs, such as socio-economic and institutional factors. The
estimated coefficients of these variables are presented in table
1, in the technical inefficiency effects model.
The coefficient estimates for household head’s education
level and age, access to extension services and credit
facilities had a priori expected negative signs among the
MMRG dependent farmers, the negative sign implying that
the variable was reducing the technical inefficiency. Age
and access to credit facilities coefficients were statistically
significant in explaining variations in technical inefficiencies
at 5% level of significance, while extension coefficient was
significant at 1%. However, education was not statistically
significant even at 10% level of significant.
Among the MMRG independent farmers, only education
had the a priori expected sign. The other variables’
coefficients were positive. Education coefficient is
significant at 1%, credit at 5%, while age and extension were
not significant in explaining the technical inefficiencies
among these farmers.
Education coefficient was negative and highly significant
among the MMRG independent farmers, indicating that
farmers with greater years of formal schooling tend to be
more technically efficient. This finding is relevant because
at least 98% of the respondents in this group of farmers had
reported as having formal education. Among the MMRG
dependent respondents, the coefficient for education had the
expected sign, albeit being weakly significant in explaining
variation in technical inefficiency. The reason for this is
that these farmers, thought being too experienced in rice
production (their mean age was given as 60 years), are not
autonomous in decision making and mostly it is the MMRG
which makes decision on farming methods and inputs
combination. That is, education variable was not significant
in decreasing technical inefficiency in this group of farmers
because most farming decision, like management, are made
by MMRG and not individual farmers. In fact, the education
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variable is used as a proxy for managerial input, increase
farming experience coupled with higher level of educational
achievement may lead to better assessment of the importance
and complexities of good farming decision, including use
of inputs.
Age coefficient, on the other hand, was significant and
with negative coefficient among the MMRG dependent
farms. For the independent farms, the age coefficient was
not significant in explaining technical inefficiency variations.
The variable age is used here as a proxy for farming
experience. Older farmers are more technically efficient in
rice production due to the gained farming experience.
Farmers learn from experience what is good and what is bad
for the crops and this experience certainly enhances the
technical efficiency of the farmer. The dependent farmers
have been in rice production for a very long time and thus
experienced in farming. In fact, the mean age of the primary
decision maker among these farmers was reported as 60 years
as compared to only 34 years among the independent farmers.
The non-significance of the age variable, among the MMRGT
independent farmers suggests the complexity of measuring
experience wit the age variable: experience provides
management skills but the experienced and aged farmers
usually have a low education level. MMRG independent
farmers should be encouraged to continue with farming so
as to gain experience.
Access to extension service coefficient was highly
significant and with the expected sign among the MMRG
dependent farmers, but insignificant and with the unexpected
sign among the MMRG independent farmers. This indicates
that the involvement of extension advisors from MMRG
reduces the technical inefficiency among its farmers. The
extension service was not available among the independent
farmers, and hence this variable was not significant in
reducing technical inefficiency in this group of farms.
Credit variable was used to capture the effect of access to
credit facilities on the technical efficiency of farmers. Where
it is available, it reduces the technical inefficiency. Hence
in the inefficiency model, it was expected a priori that the
variable’s coefficient would be negative. The availability of
credit facilitates the acquisition of inputs in time thus
reducing the technical inefficiency. Among the MMRG
dependent farmers, the variable coefficient was negative and
significant at 5% level. This is because MMRG provide
their farmers with credit in form of inputs.
Among the MMRG independent farmers, credit variable
was significant at 55 level but the coefficient had unexpected
positive sign. This means that credit facilities in this group
of farmers enhance technical inefficiency. This is perhaps
not surprising because these farmers reported to have
obtained credit from unorganized lending groups like friends
and relatives, and more often than not this credit is channeled
into used other than agricultural activities.
The technical efficiencies for MMRG dependent and
MMRG independent sample farmers are less than one. The
predicted technical efficiencies for the MMRG dependent
farmers range from 0.28 to 0.99, with a median of 0.85, and
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a mode of 0.99. The mean technical efficiency for the group
is estimated to be 0.81. This implies that the MMRG
dependent farmers realize only 81% of the potential rice
output and 19% of the rice output is not realized due to
technical inefficiencies.
For the MMRG independent farms, technical efficiencies
range from 0.27 to 0.99, with a median of 0.67 and a multiple
mode of 0.99 and 0.91. the mean technical efficiency for the
sample farmers is 0.68, implying that the MMRG independent
farmers realize only 68% of the total rice output so that 32%
of the output is lost due to technical inefficiencies. It can
thus be concluded that MMRG dependent farmers have
higher technical efficiency that MMRG independent farmers.
A test for any statistically difference in technical efficiency
levels of MMRG dependent and independent farmers was
carried out using the ‘difference between means
methodology”. By the use of the student t-distribution, the
test revealed that statistically significant technical efficiency
differences existed between MMRG and nor-MMRG farmers
and MMRG farmers are more technically efficient that the
latter group. Therefore, given a set of inputs, MMRG

dependent farmers have the ability to obtain higher levels
of rice output than the non-MMRG farmers. Also, a single
rice crop in a year is more technically efficient than a double
crop or rice in a year.

Conclusions and Recommendations
The large difference in technical efficiency between the MRG
dependent tenants and the non-MMRG farmers imply that
Mwea Irrigation Scheme still has great potential to promote
growth by reducing the differences.
An analysis of the determinants of technical efficiency
indicated which aspects of the physical resources, as well as
farmer’s characteristic and institutional factors, might be
targeted by public investment to improve farm efficiency.
Farming experience (as reflected by age), education level,
accessibility to credit and extension services are significant
variables for improving technical efficiency.
The findings of this study clearly indicate that a farm
production efficiency is affected by its management practices
and the farm’s production related characteristics, which in
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turn are influences by Socio-economic and institutional
conditions.
The study recommends that; Since farming experience
and education levels are significant variables for improving
technical efficiency, then the Government should design
policies that educate farmers through proper agricultural
extension services. Such polices could have a great impact
in increasing the level of efficiency and hence agricultural
productivity.
The argument for growing the second rice crop after first
crop harvest, by MMRG independent farmers was to reduce
on resource idleness and wastage. There has been a desire
by farmers for a second crop after first season rice crop but
the Kenya Agricultural Research Institute (KARI) has never
researched on such a crop to rotate with rice. Thus, it is
recommended that KARI should assess on possibilities of
introducing an early maturing upland legume crop to rotate
with rice. Such a crop could, avoid resource wastage, reduce
competitions for water in the scheme, improve soil fertility
and enhance the Scheme’s food security and income levels.
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