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Abstract: Millet is the basic cereal crop which contributes to rural households’ food security in the Sahel
region of Burkina Faso. This study assesses the technical efficiency and its determinants of millet farmers in
this region. A stochastic frontier approach is followed to analyze data collected on 106 households randomly
selected in 2017. The mean technical efficiency is estimated at 71.23% implying that millet production may
be increased by 28.77% with the same resources used by farmers. The results show that formal education, off
farm income, breeding, and access to credit are the main factors affecting the production efficiency. The study
recommends decisions makers to take appropriate measures regarding these factors, to enhance millet
productivity in the Sahel region.
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1. Introduction

In Burkina Faso, agriculture plays an important role in the socio-economic development. The agricultural
sector employs over 70% of the labor force and accounts for about 34% of the GDP (Coulibaly & Savadogo,
2019). The basic crops grown are cereals which contribute to approximately 60% of households food needs
(FAO, 2013). Sorghum, millet and maize are the three main crops that provide food security for rural people.
Increasing cereal production is therefore one of the priority objectives of Burkina Faso authorities. After the
2008 food crisis, emergency measures were taken to increase yields and agricultural production. Among
these measures is notably the promotion of the use of improved seeds, fertilizers, suitable agricultural
equipment as well as the popularization of good agricultural practices. Despite these measures, agricultural
productivity remains very low (Coulibaly & Savadogo, 2019) and Burkina Faso still experiences food crisis
situations, especially in arid areas like the Sahel region where rainfall is very low and variable. Three agro
ecological zones exist in Burkina Faso: the sahelian zone, the sudano-sahelian zone and the pre-guinean zone.

The sahelian zone is the least wet area (less than 600mm of rainfalls per year), the sudano-sahelian zone is
moderately watered (between 600 to 900mm of rainfalls per year) and the pre-guinean zone is the potential
zone for agriculture with more than 900mm of rainfalls per year. Due to poor soils and uncertain rainfalls in
the Sahelian zone, millet is the most adapted food crop to be grown in this area. It represents around 70% of
the total cereal production on average per year and contributes significantly to the food security of people
living in this zone. Despite this importance, millet production remains fluctuating over time and below
expectations. Rural populations frequently experience food insecurity. In 2012, the Sahel region as well as
other regions of the country was confronted with the second food crisis in 3 years (FAO, 2019). Beyond the
climatic conditions, the lowness of millet productivity in the region raises questions about the efficiency with
which resources are used by farmers. For Keane et al. (2009), it is generally known that producers in most
developing countries are operating under their potential production.

The high level of inefficiency that farmers face highlights that innovation and technology adoption are not the
only constrains for agriculture development in those countries (Chavas et al., 2005). Thus, Briimmer (2006)
argued that the reduction of inefficiency in agricultural production is a key factor in policies aiming at both
reaching food security and reducing poverty in developing countries. In the specific case of Burkina Faso, it is
found that technical efficiency contributes to poverty reduction (Noufé, 2020). It is thus very important to
address issues related to production efficiency in the agricultural sector. The overall objective of this paper is
to identify factors affecting millet farmers’ technical efficiency in the Sahel region of Burkina Faso. It
specifically assesses the level of millet farmers’ technical efficiency and identifies the key factors affecting
their technical efficiency. A number of studies have addressed the technical inefficiency of cereals farmers in
Burkina Faso. Kaboré (2007) estimated rice farmers’ technical efficiency at 83% in the valley of Kou and at
76% in the valley of Bagré. Wouterse (2008) showed that both intercontinental migration and education
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increase efficiency in cereals production. Combary (2016) estimated the level of farmers’ allocative efficiency
at 35.8%.

However, none of the previous studies has focused on the Sahel region where millet is the most important
cereal, crop assuring rural people food security. Due to the low productivity of millet inducing food insecurity
in the region, it is very important to highlight factors which hamper millet production. The results from our
analysis may thus contribute to take appropriate measures to stimulate production efficiency and strengthen
rural people food security in this region. The rest of the paper is structured as follows. Section 2 presents the
review of literature. Section 3 is devoted to the methodology. Section 4 discusses the estimated results and
section 5 concludes the paper and draws consistent policy implications.

2. Literature Review

Common Methods of Technical Efficiency Analysis: Common methods used to analyze production
efficiency are Data Envelopment Analysis (DEA), Mamlquist Index and Stochastic Frontier analysis (SFA).
Even if DEA and SFA are widely used, SFA which is a parametric method specifying the production as function
of inputs and two error terms (common error term and the inefficiency component) is well indicated to
analyze production efficiency in developing countries like Burkina Faso (Thiam et al., 2001; Njeru, 2010;
Ogundari & Awokuse, 2016). Many factors like climatic conditions may affect agricultural production. So, the
assumption that all deviation from the frontier is due to inefficiency in DEA method is unrealistic. Moreover
SFA has the advantage of allowing inferential statistics. This study therefore follows a stochastic frontier
approach.

The Stochastic Frontier Approach: Farrell (1957) argued that the traditional neoclassical assumption that
all firms are assumed to be fully efficient is unrealistic because in reality, some firms are more efficient than
others. Efficiency means that the maximum output is reached with the minimum input. So, a production unit
is considered as relatively inefficient if another one uses an inferior or equal amount of inputs to produce the
same or more level of output. A weakness of Farrell (1957) frontier approach is the consideration of the
inefficiency component as deterministic like in non-parametric methods. The stochastic frontier has been
introduced as an improvement of Farrell (1957) frontier approach by Aigner et al. (1977) followed by
Meeusen & Van den Broeck, (1977). In this method, any deviation from the frontier is explained by two
components: the error term and the inefficiency component.

The production frontier is expressed as follow:

Y, = f(Xij ; [;)e(ﬁﬁi—m)

Qi—n=u;i=1,..N;, j=1,..] €))

Y; is the quantity of output generated by production unit i; X;; a vector of inputs and f a vector of
parameters to be estimated. N is the number of production units and ] the number of inputs. Specifying a
translog production function and applying logarithm to equation (1) yields:

J J ]
InY; = Bo + z Bj X + Z Z Biie XijXu + (D; — 1), Qii -, =Y (2)
=

j=1k=1

@ii is the common random error term. It is symmetrically distributed of zero mean and constant variance o2
and captures statistical noise or measurement error. 7, represents the asymmetric error term assumed to be
independently and identically distributed (7,~ N (g, 07)). The equation explaining the technical inefficiency
component 7, is specified as follow:

m=0Zj+ W 3)

Z;;j isavector of factors affecting the technical inefficiency, § a vector of parameters to be estimated and W; a
random variable distributed as truncation of normal distribution of zero mean and variance ¢ (Coelli,

1995).
Aigner et al. (1977) parameterized the variances of the model as follows:
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%= aéi +o07 and y=o0//0; with 0 <y <1. y=0 means all deviations from the frontier are fully

explained by the error term and y = 1 implies all deviations from the frontier are due to the technical
inefficiency.

The technical efficiency (TE;) of production unit i is defined as the ratio between the observed output (Y;) and
the frontier output (¥;") for a given amount of inputs used:

Y X, : B)e@i=m
TE, =_l*=f( i ﬁ) 5 =em) 4)

o f(xy s B)e®w

Equations (4) and (3) are simultaneously estimated. The one step estimation technique is recommended as it
yields consistent estimates (Coelli, 1995, Chiona et al., 2014).

3. Methodology

Empirical Model We spec1fy a translog function as follows:

InY; = o + Z Bj Xij + Z Z Bjre XijXux + (Ql - ’7i) (5)

j=1k=

Y; is the quantity of millet harvested by household i, X;; stands for chemical fertilizers, X;,for manure, X;; for
labor, X;, for total land area devoted to millet farming. 8, B;; are parameters to be estimated, B; the error
term and 7, the technical inefficiency component. Factors explaining technical inefficiency are expressed as
follows:

Inn, = 8o+ 272 8 z;; + W, (6)

z;; is a vector of 10 variables: age, gender, formal education, dependency ratio, off farm income, breeding
income, distance to nearest market, access to the village, received transfers, and access to credit. §,, §;, are
parameters to be estimated and W; is the error term.

Diagnostic Analysis: To draw consistent conclusions, appropriate specifications are crucial in SFA analysis.
It is thus useful to prove that the translog specification of the production function is suitable and that there is
a technical inefficiency in millet production before showing that explanatory variables significantly affect this
inefficiency. The following hypotheses are tested:
e The Translog production function is more suitable than the Cobb-Douglas production function
Under the null hypothesis Ho1, the Cobb-Douglas function is more appropriate:
Hoi: Bo2 = B3z = Paa = P12 = P13 = P1a = P2z = Posa = P3. =0
e There is an inefficiency in cereal production (y #0)
Under the null hypothesis Ho2: y = 0 meaning absence of any inefficiency in millet farming. In this
case, an ordinary production function is used and estimated by Ordinary Least Squares (OLS).
e Variables used in the model globally explain the technical inefficiency
Under the null hypothesis Hos, no variable explains the technical inefficiency:
61=0,==6,,=0
The three tests are operated by computing the generalized likelihood ratio:
A=—=2%*{Iln[L(Hy)] - In[L(H)]} [L(Hp)] and [L(H;)] are respectively values of the likelihood function
under the null hypothesis Ho and under the alternative hypothesis Hi. A is a Khi Two mix distribution.

Elasticities and Returns to Scale: Elasticities measure the sensitivity of production to changes in input. In
the translog stochastic production function, elasticities are expressed as:

alny; _ _
€ = K. Bj + 2B Xij + Z.Bjkxik ™
y k=)
The returns to scale (RS) measure the sensitivity of the level of production to proportional variations in all
inputs. RS is computed by summing the e;: RS = e; + e, + e;t+e, €))
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If RS = 1, the returns to scale are constant; if RS <1, the returns to scale are decreasing and if RS> 1, the
returns to scale are increasing.

Data: The data used in this paper are extracted from a survey data collected in 2017 for evaluating the
“National community based Program, Phase Il (PNGTZ2)”. The program PNGTZ2 was launched in 2013 to
contribute to an increase in productivity, added values and agricultural income with a view to contributing to
national economic growth and poverty reduction. The survey was thus carried out by a national laboratory
(LAQADS?) in order to contribute to the apprehension of households living conditions in rural areas. Data
collected on 2160 households randomly selected cover all regions of the country and include household’s
demographic characteristics and living conditions, soil characteristics, agricultural and livestock production
etc. A total of 224 households have been surveyed in the Sahel region in 2017 by the LAQADS. Among those
households, 106 are millet farmers. The sample in this analysis is all the 106 households in the data set who
are engaged in millet farming in this region. Table 1 describes variables used for the empirical analysis. It
shows that households are mostly headed by men (95.25 %) and few have received formal education (16.03
%). In the study area, households are also characterized by a high dependency ratio (52.97%).

Table 1: Description, Mean and Standard Deviation of the Variables Used for the Empirical Analysis

Standard

Variable Description Mean Deviation

Dependent variable
Output Y Quantity of millet harvested (kg) 587.49 1192.35

Production Function Variables
Fertilizers X; Quantity of chemical fertilizers used in millet farming (kg) 11.90 23.009
Manure X, Number of cartloads equivalent of manure used in millet 4.44 8.31

farming
Labor X3 Quantity of labor used in millet farming (man-days) 108.04 142.96
Area X, Total area devoted to millet farming (ha) 1.576 1.64

Determinants of Technical Inefficiency
Age Age of the household head (number of years) 49.80 15.21
Gender 1 if the household head is male and 0 otherwise 0.9528 0.213
Education 1 if the household head has received formal education and 0

otherwise 0.16037 0.3686
Dependency ratio  Ratio of the household non active members 0.5297 0.1718
Breeding income income-generated from breeding (FCFA) 228298.3 550065.8
Off farm income income-generated from off farm activities (FCFA) 257418  2,320000
Distance Distance to the nearest market (km) 20.77 26.32
Good access 1 if the farmer living area is accessible in rainy season and 0

otherwise 0.51886 0.5020
Transfer 1 if the household received extra household cash transfer 0.8207 0.3853
Access to credit 1 if household’s members have access to credit and 0

otherwise 0.3679 0.4845

Source: Author’ construction from data PNGT2 2017.
4. Results and Discussion

Diagnostic Test Results: Table 2 presents hypothesis test results. The likelihood ratio (A =1, 029.62)
calculated in testing hypothesis Ho1 is significant (P=0.000). The translog specification is more suitable than

1 Aresearch Laboratory, specialized in household data collection and quantitative analysis, University Ouaga
Il
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the Cobb-Douglass one. The value of the likelihood ratio computed from the estimation of the translog
production function by the OLS and by the maximum likelihood method is A=329.46. This Value is significant
at 1% level (P=0.0000) and the null hypothesis is not accepted. The conclusion is that there is a technical
inefficiency in cereal production. Similarly, the ratio A =4, 356.21 generated in the third hypothesis test is
significant at 1% level (p=0.0000). The null hypothesis is not accepted implying that the variables used
globally explain the technical inefficiency. Based on the diagnostic test results, it is can be concluded that the
results are very consistent.

Table 2: Validation of Hypotheses

Null hypothesis Statistics Decision
(Probability)
Hoi: Bjx=0 1,029.62*** Ho1rejected

The translog function can be reduced to a Cobb- (0.0000)
Douglass one

Ho2:y =0 329.46 *** Hoz rejected
There is no technical inefficiency in millet production (0.0000)
Hp3:61 =8, =+ =810=0 4,356.21*** Hosrejected
No variable explains the technical inefficiency (0.0000)

Source: Author construction from data PNGT2 2017
***1 % significant

The Level of Technical Efficiency of Millet Farmers: Table 3 classifies households according to their level
of technical efficiency. The mean technical efficiency is estimated at 71. 23%. The level of technical efficiency
is ranged from 5.94 % to 92.19 % across households. These statistics show that farmers are operating under
their potential production level. They may increase their production by 28.77% with the same resources. The
factors inducing such inefficiency must be addressed to increase millet productivity in the region.

Table 3: Frequency Distribution of Technical Efficiency of the Millet Farmers

Level of Efficiency (%) Number of Households Percentage of Households
0-25 7 6.60

25-50 5 4.71

50-75 37 34.91

75-100 57 53.78

Mean technical efficiency = 71.23 %
Minimum technical efficiency=5.94 %

Maximum technical efficiency = 92.19 %
Source: Author construction from data PNGT2 2017

Maximum Likelihood Estimates of the Production Function: Table 4 presents the estimates of the
translog production function. All inputs factors positively and significantly affect the quantity of millet
harvested by the households. The use of chemical fertilizers and manure by farmers is so crucial because soils
are generally of poor quality in the Sahel region. Fertilizers use is thus recommended to endow soils with
necessary nutrients for millet growth. The positive correlation between land area and output level is suitable
to Burkina Faso context where producers tend to increase their output by extensification (Callo-Concha et al.,,
2012). Similar results are found by Jayakody & Dishanka in Sri Lanka and by Aduba et al. (2013) in Nigeria
where fertilizers and land area are the major factors explaining the production level. Labor has also a positive
effect on production. Due to poor production technologies adopted by farmers, labor is hugely needed for an
appropriate farm management especially for weeding. Households’ members have to spend most of their
time on their farms during the rainy season.
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The Determinants of Technical Efficiency: The results of the determinants of technical inefficiency are
presented at the bottom of table 4. A total of four (4) variables significantly affect millet production efficiency
in the Sahel region: formal education, breeding income, access to credit and good access to farmers’ living
area in rainy season. The results of formal education are consistent with the human capital predictions.
Households headed by farmers who have received formal education are expected to use resources more
efficiently as it is argued that those farmers are opened to best agricultural practices and rationally manage
their farms (Becker, 1993). Our findings are similar to the results found by Agboola (2016) for Nigeria, and
Alene & Hassan (2003) for Ethiopia. The lack of financial resources is one of the major constraints to
agricultural development in countries such as Burkina Faso. Most farmers need financial support to purchase
agricultural inputs in due time and to efficiently manage their farm activities. Indeed, Provision of credit
enhanced timely purchase and efficient allocation of factor inputs to produce the maximum output.

Kuwornu et al. (2013) found that credit access is among major factors determining the technical efficiency
level of maize farmers in Ghana. Access to credit is therefore very important to farmers’ production decisions.
Most farmers however lack collateral and are constrained in the formal credit market in Burkina Faso.
Regarding income generated from breeding, Pender et al. (2002), argued that farmers in developing countries
lie on livestock as an alternative to solving credit constraint. Especially in the Sahel region of Burkina Faso,
breeding is an important activity for households. The climate of this area of the country is adapted to this
activity and farmers use breeding to sustain their agriculture. Combining breeding to farming may thus be an
important way of stimulating farmers’ productivity. The results also show that good road infrastructure is a
key factor in stimulating production efficiency. Farmers located in areas with good roads access in rainy
season are more likely to better manage their farms as they are able to get access to both market and
extensions services located at communal level.

On the contrary, farmers located in inaccessible zones in rainy season are constrained to market access which
hampers their production performances. Road infrastructure improvement can be expected to raise the
output price of the farmers and lower production cost through the reduced transportation cost of goods and
services (Kiprono & Matsumoto, 2014). In the Sahel region, road infrastructures are however poor and this
may hamper millet production.

Table 4: The Translog Frontier Production Function Estimates and the Determinants of Technical
Efficiency

Translog Production Function Estimates

Variables Coefficient Z-Statistic
Constant C 3.884 0.03
Chemical fertilizers InX, 0.5368*** 3.19
Manure InX, 0.5805** -2.18
Labor InX; 0.7903*** 4.86
Total millet area InX, 1.184%** 4.05
InX? 0.0588 1.08
InX? 0.1034 1.22
InX? -0.0263** -1.98
Inx? -0.0370 1.09
InX;lnX, 0.1008** 2.04
InX;lnX; -0.1764%** -2.64
InX,InX, 0.0781 0.98
InX,lnX; 0.0581 0.55
InX,InX, -0.0203 -0.17
InX3InX, 0.0592 1.58
Determinants of Technical Inefficiency in Millet Farming
Constant
Age of household head -0.0037 -0.74
Gender of household head -0.2259 -0.59
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Formal education of household head -0.5328*** -3.00
Dependency ratio 0.5180 1.02
Off farm income 0.0109 0.85
Breeding income -0.0342* -1.64
Distance to the nearest market 0.0002 0.07
Good access to the village -0.5679*** -2.89
Received transfers -0.0937 -0.51
Access to credit -0.3696** -2.24
o? 4.0882
Y 0.90050
Mean Technical Efficiency 71.23%

Chi2 (20)= 2058.62***
Number of Observations =106

Source: Author estimation from data PNGT2 2017
***1% significant; **5% significant; *10% significant

Elasticities and Returns to Scale: The elasticities are presented in table 5. Millet production is sensitive to
the four inputs resource variables. An increase of 1% in the total area and labor leads respectively to an
increase of 0.504 % and 0.008 % in millet production while an increase of 1 % in chemical fertilizers and
manure leads to an increase of 0.410 % and 0.57 % in millet production respectively. The computed value of
the returns to scale by summing the elasticities is 1.49. This value which is greater than the unit indicates that
the returns to scale are increasing. A simultaneous increase in expenditure on chemical fertilizers, manure,
labor and farm area by 1% results in an increase of 1.49 % in millet production. This reflects a situation
where the increase in the scale of production is profitable for producers. Millet farmers in the Sahel region
must be encouraged to increase their scale of production in order to generate more agricultural income.

Table 5: Elasticities of Resources

Input Resource Elasticity Probability
Chemical fertilizers 0.4102%** 0.0000
Manure 0.5728*** 0.000

Labor 0.0083** 0.041

Total area 0.5043%** 0.0000

Returns to Scale (RS)=1.49

Source: Author computing from results
** 59 significant; *** 1% significant

5. Conclusion and Policy Recommendations

Millet is the main cereal crop assuring the food security of rural households in the Sahel region of Burkina
Faso. This study was carried out to analyze factors affecting the technical efficiency of millet production in
this region. A stochastic frontier approach has been followed with a one-step estimation method leading to
consistent results. The results show that farmers in the Sahel region are technically inefficient in millet
farming. The mean technical efficiency is estimated at 71.23% implying that households have the possibility
of increasing their production by 28.77% without resorting to an increase of their resources devoted to millet
production. The results show that formal education, breeding, access to credit and good road infrastructure is
the key factors affecting the millet production efficiency in the region. The study recommends decisions
makers to take appropriate measures to enhance production in this region in order to improve rural people
food security.

From our findings, it is observed that a low proportion of millet farmers attended formal education. At a short

run, farmers need to be trained on how to efficiently manage their farms. At a long run, all policies aiming at
increasing the level of school attendance in the zone have to be supported. In this way, the problem of civil
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insecurity which hampers schools attendance has to be solved. The government should also improve road
infrastructures in the region in order to facilitate farmers’ access to market and extensions agents who are
generally located at communal level. Also, the development of microfinance with the support of the
government in the region may reduce credit constraint and stimulate production. As most of the farmers have
no collateral, they must be well organized to get credit through group membership. Finally, farmers may be
trained to integrated farm management combining agriculture and breeding. This may stimulate their
production efficiency and improve rural households’ food security in the Sahel region.
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