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Abstract

Horticulture activity represents one of the most important sources of income for the populations living near the
water reservoirs in the city of Ouagadougou. However, its production is threatened by the increasingly and
pronounced deterioration of reservoirs. In this article, we aim to measure the technical efficiency of
horticulturalists in such a context. To achieve this goal, the stochastic production frontier method was carried out
on a representative sample of 128 horticultural operators. The outcomes of the research reveal that overall
horticulturalists are not technically efficient. In fact, the average level of technical efficiency is 0.68. The technical
inefficiency evaluated to 0.32 is mainly due to the social status of the operator, the location of the plot with respect
to the flow of water, and the poor state of water and soil.
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1. Problem statement

Burkina Faso is a Sahelian country which economy mainly relies on agriculture and livestock (MINEFID, 2016).
The rural sector that count for more than 80% of the active population (Zoungrana, 2017) constitutes the economic
lung of the country with a contribution of 40% to the GDP of which 30.7% is dependent on the agricultural sector.
However, rainfall fluctuations, characterized by a significant spatiotemporal variability jeopardize yields (Zongo
et al., 2019).

This situation impedes food security objectives and puts the country in a situation of food insecurity. In a
context of climate change, partial or total control of the water resource through storage structures and the
development of water reservoirs for irrigation purposes remains a solution for achieving the food security objective
in Burkina Faso (Bougaire, 2008; Kambou, 2019). These actions led to the adoption of a water resource
mobilization’s strategy. The water resource mobilization policy in Burkina Faso dates back to the early 1970s. It
was dictated on the one hand by the great droughts experienced by the country on the 1970s and on the other hand
by the telescoping of three essential needs: an increasing need for drinking water, a non-negligible industrial need
and a need for intensification and diversification of agricultural production through the extension and
intensification of the practice of irrigated agriculture. The construction of dams has been one of the major elements
of development policy in rural and urban areas (FAD, 2002; CECCHI et al., 2009). The potential offered by these
water storage structures are significant, because the volumes of water stored, most often intended to meet the needs
of humans and animals, also allow the development of irrigated crops, especially rice, market gardening,
horticulture and fishing (Yonkeu and Mamane, 2007; Atinkpahoun et al., 2018). This is the case of the water
reservoirs in the city of Ouagadougou, which constitute an illustrative example of multiple-use of water in urban
area (Boland, 2005; Ouédraogo et al., 2018). Indeed, the construction of water reservoirs in the city of
Ouagadougou on one of the tributaries of the Nakambé basin, should allow the city's populations to have a source
of drinking water. With a cumulative capacity of 14,960,000 m3, these reservoirs contributed, with that of
Loumbila, to almost 30% of the supply of drinking water in the city of Ouagadougou (Yaméogo, 2008). In addition
to their vocation of supplying drinking water, these hydraulic infrastructures, joined to the Bangr-Weogo forest,
constitute the main ecological lungs of the city. They play a role in recharging the water table and serve as buffer
zones for preserving inhabitants against flooding and developing tourist assets by facilitating the practice of
recreational activities (AEN1, 2015). In addition, water withdrawn from dams is used as one of the essential inputs
in most Income-Generating Activities (Atidegla et al., 2017; Tidjani et al., 2018). It is mainly horticultural crop,

! AEN stands for Nakambé Agency of Water
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considered as an income-generating activity for the neighboring populations (Sawadogo, 2008; Conchita et al.,
2010; Ouédraogo et al., 2018).

However, these water reservoirs are nowadays affected by a continuous degradation characterized by silting
up and pollution. The silting up generally results from the strong presence of solid waste resulting from human
activities (Zoungrana and Combelem, 2016). This phenomenon poses a real problem of water availability in
reservoirs and will be accentuated if management efforts are not undertaken (Ouédraogo, 2010). As for pollution,
it results from certain practices of residents, which are likely to deteriorate the quality of water in reservoirs.
Indeed, some families connect their toilets to water reservoirs, thus emitting a foul odor that scares away any
“sensible” person (AEN, 2015). In addition, the hyacinth found on the surface of dams’ water constitutes a harmful
plant to water quality. All these factors are likely to threaten the existence of dams in the long run. Moreover, with
the deterioration of the water reservoirs, several economic activities of local residents are threatened. These include
fishing, market gardening and horticulture. Among these activities, horticulture or the cultivation of ornamental
plants is the most dominant and practiced by the majority of operators (Combelem, 2019). This worrying situation
therefore deserves consideration of the impact of the current state of these reservoirs on the technical efficiency of
horticulturalists in the logic where the quality and quantity of the resources mobilized for production (land, water,
inputs, labor, capital) would be determining factors in agricultural production in general (Fuglie and Rada, 2013;
Douillet and Girard, 2013) and in horticultural production in particular (Ouédraogo et al., 2018). Thus, in view of
the continuous deterioration of the reservoirs, the evaluation of the technical efficiency of horticulturalists is
necessary to conclude on the real impact of the economic activities carried out.

The objective of this article is to estimate on the one hand the level of technical efficiency of horticulturalists
around the water reservoirs of the city of Ouagadougou and, on the other hand, to analyze the factors explaining
the technical inefficiency of these operators. This article begins with a review of the literature, which exposes the
theoretical debate on measuring efficiency before briefly presenting the methodological approach used for data
collection and the analysis model. Subsequently, the econometric results are presented and analyzed.

2. Analytical framework: A measurement of technical efficiency by the stochastic frontier production
approach.

The neoclassical theory based on pure and perfect competition has dealt with problems of efficiency or

performance of production units (Djimasra, 2009). Indeed, it assumes that the production unit operates in a

perfectly competitive market and is economically efficient. In addition, neoclassics believe that uncertainty and

errors in forecasting can be a source of economic inefficiency, but this inefficiency can only be temporary or

accidental (Combary and Sawadogo, 2014). That led to make strong criticisms against this theory.

For Agbodan and Amoussouga (1995), presenting the productive units as evolving in a regime of full
competition, meaning pure and perfect, is far from being the reality. In practice, productive units are in imperfect
competition, and the risks of permanent inefficiency are not excluded. In fact, according to these authors, no
economic regime can guarantee that the productive units will always act in such a way as to behave as efficiently,
respecting the behaviors that are expected from them. Leibenstein (1966) developed the concept of inefficiency-
X to show essentially that for one reason or another, performance in the productive unit is not as effectively
efficient in driving it towards its objective of maximization. According to this author, inefficiency-X is the type of
inefficiency resulting from the misuse of resources within productive units.

Later, the new neoclassical microeconomics succeeded in making the neoclassical producer theory
compatible with the theory of inefficiency-X in the context of imperfect markets. In the presence of transaction
costs, information imperfection and strategic behavior, a production unit can be technically inefficient, even if it
is intentionally rational (Arrow, 1974; Akerlof, 1970; Stiglitz, 1977; Williamson, 1985).

Empirically, the technical inefficiency of a productive unit can be measured from either the output perspective
or the input perspective. The first case involves the estimation of a production border while under the second case,
it is done by estimating a border cost. In the output perspective, the production boundary provides each time the
maximum output achievable through the use of a vector of available inputs while applying a given production
technology. Consequently, the border is a kind of envelope, which often coincides with all the points identified as
representative of rational behavior in relation to which the actual performance of each operator can be compared
(Ambapour, 2001). The production units located on this border are technically considered to be the most efficient
and therefore have a score equal to 1. In addition, any deviation from this border is equivalent to the level of
inefficiency. Theoretically, the efficiency score ranges between 0 and 1. The most technically efficient unit is the
one that produces the same amount of output with the lowest volume of inputs. In this case, the technical efficiency
index can be presented as the ratio of the optimal volume of inputs over the volume actually used.

In the literature, two main methods are identified for estimating technical efficiency: the parametric and the
non-parametric methods. The choice of estimation method depends on the specification or the functional form of
the production frontier. Indeed, the parametric approach is based on a particular specification of the production
function, which parameters must be estimated. This is not the case with the non-parametric approach, which is
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characterized by the absence of constraints on the functional form of the production boundaries (Aigner et al.,
1977; Charnes, et al., Cooper and Rhodes, 1978). Technical efficiency is measured from the error term of the
production function. There are deterministic and stochastic production boundaries at this level. Farell (1957) and
Aigner and Chu (1968) pioneered analysis in terms of deterministic parametric production boundaries. However,
their approach was questioned because it was too simplistic; any difference between border production and
observed production was exclusively attributed to the operator's inefficiency. However, other factors can escape
the operator's control while they have a real influence on his performance. This is for example the case of climatic
vagaries, the inadequate yield of certain production factors. Considering all of these ineffective factors requires an
appropriate specification of the production frontier, which takes into account these parameters of integrating the
random effects: this is how the approach of the stochastic frontier was developed. The approach is based on the
decomposition of the error term into two components, which captures the operator's inefficiency and that of a
random nature combining measurement errors and exogenous shocks (Coelli and Battesse, 1998). It has been
judged to be the most suitable for measuring the efficiency of productive units using several inputs to produce
several outputs and it is recommended also when the production technique is uncertain or unknown (Gunther and
Chauveau, 2002). In this article, the production frontier with incorporated technical inefficiency effects (Battese
and Coelli, 1995) can then be written as follows:
Yi = f(X; ; B)eVi~UD with U; = h(Z;; ) )

where Y represents the actual production; X is a vector of production factors; B is the vector of parameters to
be estimated; e the exponential function; V is a random error term which captures stochastic effects that are not
under the control of the operator; U represents technical inefficiency, meaning the difference between the potential
production and the actual production of the operators; Z represents the socio-economic characteristics likely to
explain the technical inefficiency of the operators; a the vector of unknown parameters to estimate determinants
of inefficiency; f (.) represents the functional relationship associated with the frontier of production technology
and h (.) represents the functional relationship associated with technical inefficiency.

A production unit is technically efficient if and only if it reaches the maximum output compatible with the
available production technology and the vector of inputs. Authors such as Mabe et al., (2018), Abdulai et al.,
(2018) and Danso-Abbeam, (2015) defined the technical efficiency of an individual farm household as the ratio of
observed production to corresponding frontier production conditioned on the level of inputs used by the farm
household. They therefore specify the technical efficiency “TE” as follows (Dieng et al., 2019):

=Y feupelit o
T = v T et © o 0<eW<1 o

When e~ = 1, the production unit is technically efficient, meaning that the actual production is equal to the
potential production. Otherwise, the production unit is technically inefficient.

3. Econometric approach

In the majority of empirical studies, the estimation of technical efficiency was carried out in two stages (Amara
and Romain, 2000). In a first step, the technical efficiency scores were estimated; then these scores were estimated
on explanatory variables that were likely to affect the performance of production units using a new model based
on the ordinary least squares method or a dichotomous model (Tobit, Logit, Probit) to take into account the
truncated nature of the efficiency score variable and which takes its values only in the interval [0, 1]. The advantage
of this approach resides in the fact that in the event of a specification error in the second step, the specification
bias only affects the estimated coefficients, thus sparing the coefficients of the border. However, this approach has
been called into question since, going from the first stage to the second, the traditional hypothesis of independence
of errors terms is abandoned (Amara et al., 2000). In response to these criticisms, new approaches have been
developed in order to simultaneously estimate the frontier of stochastic production and the impact of the factors
explaining the differences in technical efficiency between the productive units. This is why Huang and Liu's (1994)
model was developed to take into account the interactions between the variables that characterize inefficiency on
the one hand, and the factors of production on the other. Adopting non-neutral stochastic boundary functions, this
model considers that the marginal impact of the production factors is a function of the specific characteristics of
each producing unit. Subsequently, Battesse and Coelli (1995) developed an improved variant of this model, which
today is considered as a reference model allowing the simultaneous estimation of the stochastic production frontier
and the effects of variables reflecting the effects of producing unit characteristics on technical inefficiency scores.
This model is most suitable for the estimation of the production function and the determinants of technical
inefficiency in the context of this article.

In this article, the estimation of the level of technical efficiency of horticulturalists was carried out through a
stochastic production frontier function of trans logarithmic type (Christensen, Jorgenson and Lau, 1973; Coulibaly
et al., 2017; Diop et Ka, 2020). This function provides greater flexibility in modeling the technology. Indeed, the
translog functional form imposes fewer constraints on the production structure, the elasticity levels of substitutions
and scale efficiency while allowing econometric analysis. In addition, it makes it possible to take into account the
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interactive effects between the production factors (Liu et al., 2019). Theoretically, it looks like this:
Lny = Bo + Yoy Bilnxy + 5 Ty T Bulnx Lnxy +V —Up  (3)

where Ln refers to the natural log; y: total output, x,.: production factor k, (B¢, By, Bi) unknown parameters
to be estimated and n the number of production factors. The translog function is reduced to that of Cobb-Douglass
when B, =0 (for all k and 1).

It is important to note that from a trans log function, the estimated coefficients are not directly interpretable
(for example in the case of the Cobb-Douglas function). It is necessary to calculate the elasticities of the production
factors considered which are given by the following formula (Ngom et al., 2016):

e]l( — dlny; ( 4)
al]’lei

From equation 3, the empirical model of the trans log production of stochastic border to identify the factors
influencing horticultural production levels is specified as follows:

Lny; = By + B1LnQwat; + B, InSurf; + B;LnExp; + 3,Ln Work; +§ B,1 LnQwat;” +% B, LnSurf,® +
%[333 LnExp;” + % Bas LnWork;® + B;,Ln Qwat;X In Surf; + B,3LnQwat;XLnExp; + B;4Ln Qwat;XLnWork; +

.3 In Surfy; XLnExpy; + B24 In Surf,X LnWork; + ;5,LnExp;XLn Work; + Vi — Ui Q)

The model estimating the determinants of technical inefficiency is written as follows:
U; = g + Zf 0 Zj; +g (6)

Where Yi represents the quantity produced by the operator i in terms of number of plants (i = 1.2, ..., 128);
Qwat; is the amount of water in liters used by the operator i (Albouchi et al., 2007); Exp; is the operator's input
expenditure and expressed in CFA francs! (Bachewe et al., 2015); Surf; is the area of farm i in hectares (Chogou
et al., 2017); Work; is the amount of work expressed in hours (Ben Nasr et al., 2016); Z;; represents the variables
likely to explain the technical inefficiency of the operators. Those used in this model are the age of the operator
(Mabe et al., 2018); the operator's marital status; the size of the household, the level of education of the operator;
the duration of the operator on the dams or his experience (Danso-Abbeam et al., 2015); social status (Messaoud
et al., 2016); the place where the activity is practiced; the location of the activity around the dam or positioning of
the plot in relation to the direction of water flow (Albouchi et al., 2007); membership in a dam maintenance group
(Chebil et al., 2013); the distance from the operator's home to his place of business (Bhatt and Bhat, 2014); the
type of water use; the existence of conflicts (Combelem, 2019) and the state of water and soil (Ouédraogo et al.,
2018; Kouakou, 2017).

V; and ¢; are random variables representing the estimation errors and U; a random variable associated with
the technical inefficiency of the operator. The random errors V; follow a normal distribution with mean 0 and
variance 62 and are independent of the technical inefficiencies U;. For the random errors associated with technical
inefficiencies, they follow a normal distribution with mean p and variance o2 and truncated to 0 (U; >0). Finally,
the random errors g; follow a truncated normal distribution with mean 0 and variance 6% such that the truncation
point is p.

Based on these assumptions, the parameters of the production frontier with technical inefficiency effects can
be estimated simultaneously by the maximum likelihood method using the Frontier 4.1 program (Coelli, 1996).
The results of these estimates provide the variances of the errors:

02=0ﬁ+03;y=z—§avecOSysl (7)

vy measures the share of technical inefficiency in the total variation observed between the points on the
production border and the data. 62 is the variance of the dependent variable and which is a function of the variation
due to technical inefficiency o2 and the variation due to the random error term . The application of this model
required the mobilization of data on the production and characteristics of horticulturalists in the city of
Ouagadougou.

4. Data Sources and descriptives statistiques

4.1. Data

This research uses primary data collected from 128 operators spread over the three dams: 42 operators from dam
1, 47 from dam 2 and 39 from dam 3 (see table 1). The sample elements were chosen according to the method of
probability proportional to the size. It is a method that constructs the sample while respecting the distribution in
the initial population according to the characteristics studied (Gadiaga, 1987). The latter were subjected to a
questionnaire aimed to highlighting their level of production and the factors of production used.

The formula used is as follows:

! CFA is the currency used in Burkina Faso and pegged to the Euro. One Euro equal to 655.957 CFA.
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X represents the number of people to be investigated per dam; n refers to the size of the sample considered in the
study (128 horticulturalists); n; is the number of horticulturalists listed by dam; N the total number of registered
growers and n;/ N is the relative frequency.

Table 1 : Distribution of respondents per dam

Sites ni ni/N n.ni/N Xi per site
Dam 1 84 0.3281 41.99 42
Dam 2 94 0.3671 46.98 47
Dam 3 78 0.3046 38.98 39

Total (N) 256 1 128 128

4.2. Socio-demographic characteristics of operators

The practice of horticulture in the city of Ouagadougou is carried out by men (94% of farmers). The low
representation of women in horticulture activities could be largely linked to the arduousness of irrigation practices
dominated by manual labor. More than 80% of those surveyed said they are married and less than 20% are single.
The overall level of education is satisfactory. Only 39% of those surveyed are illiterate. The age of the operators
varies between 21 and 58 years with an average of 36 years. Concerning the size of the households to which the
horticulturalists come, it varies from 1 to 16 people or 6 people on average per household. The average area
exploited is estimated at 0.0239 hectares. The daily amount of water withdrawn per operator varies from 40 to
1600 liters, or an average of 219 liters per day per operator.

Annual expenditure on inputs or fertilizers is about 46,200 FCFA per farmer on average. Average annual
incomes of farmers vary from 100,000 to 4,700,000 FCFA with an average of 894,000 FCFA. Among the
operators, those with an annual income of 800,000 FCFA are the most numerous. For a country where a significant
part of the population lives with less than one US dollar per day, such incomes are appreciable and remain largely
above the poverty line at the national level estimated to 153,530 FCFA at current prices (INSD!, 2014).

4.3. State of the water reservoirs

Created since 1962, the water reservoirs of the city of Ouagadougou have experienced several types of pressure.
These reservoirs are nowadays in poor condition according to the majority of operators (80%) against only 20%
who consider that they are in acceptable condition. Thus, 45.4% of the operators questioned maintain that dam
number 1 is experiencing serious deterioration of its banks. For dam number 2, it is generally polluted (47.2%).
Finally, according to 27.5% of operators of dam number 3, it suffers from lack of maintenance. Based on the
perceptions of the operators themselves, the factors explaining the current state of the reservoirs are shown in Chart
1.

Chart 1: Perception of operators on the state of dams (in %)
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Faced with the degraded state of the dams, the identification of degradation factors is essential. According to
the respondents, the deterioration factors come mainly from household waste (69%). Indeed, the deterioration of
the dykes favors a dumping of households’ garbage in the dams. Graph 2 gives an overview of the different
degradation factors of these dams.

' INSD is the National Institute for Statistics and Demography in Burkina Faso
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Chart 2 : Importance of degradation factors of dams (in %)
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At the sanitary level, the various contacts with the water of dams generate water-borne diseases affecting the
health of operators. The majority of those interviewed said they fell ill due to the condition of dams. Among these
diseases, malaria is the most common (83%).

4.4. Distribution of operator efficiency’s scores
The estimation of the efficiency scores shows that horticulturalists have an average level of technical efficiency of
0.68 (Table 2). This level of efficiency shows that farmers still have opportunities to increase their production
level without increasing the factors of production (Gniza, 2019). Indeed, an improvement in the state of the
reservoirs could allow these operators to increase their production by 32% without having to increase their input
volumes. Efficiency scores range from 49% to 78%. These results show that horticulturalists are technically
inefficient. The least efficient operator wastes a lot of resources. When an operator achieves the efficiency level
of the most efficient operator in the sample studied, he could save up to 98% (1- (1/78)) of his production factors,
and average operator could save 12% (1- (68/78)) of his production capacity.
Table 2: Level of efficiency of horticulturists
Statistics Number Average Minimum Maximum
Horticulturists 128 0.68 0.49 0.78

5. Analysis of econometric results

5.1. Estimation of the stochastic production frontier

Results of the production frontier estimation of translogarithmic type are summarized below:

Table 3: Results of the estimation of the production frontier function with effects of technical inefficiency

Variables Coefficients P>z

Production Function

Intercept 38.21845%* 0.083
L(amount of water withdrawn) 3.135942 0.715
L(surface) -2.348639 0.730
L(input expenditure) 7.625388 0.114
L(Quantity of workforce) 1.674036*** 0.008
L(amount of water withdrawn X amount of water withdrawn)/2 0.7885275 0.666
L(Surface X surface)/2 -1.046564 0.413
L(input expenditure X input expenditure)/2 -0.4026874 0.497
L(quantity of workforce X quantity of workforce)/2 1.044282 0.110
L(amount of water withdrawn) X L(surface) 0.6077913 0.610
L(amount of water withdrawn) X L(input expenditure) -0.8979466 0.312
L(Quantity of workforce)X L(amount of water withdrawn) -0.0087054 0.991
L(surface)X L(input expenditure) 0.477598 0.473
L(Quantity of workforce)X L(surface) 0.0515176 0.944
L(Quantity of workforce)X L(input expenditure) -0.2803284 0.456
Variance Parameters

sigma? 1,99 0.000
Gamma 0.26%** 0.000
Log-Maximum Likelihood -225.683
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Variables Coefficients P>z

Determinants of inefficiency

Age of operator -0.0248757%** 0.000
Quadratic effect of age 0.0002564*** 0.000
Marital Status 0.0175832 0.465
Operator household size -0.0083828* 0.052
Educational level 0.0361146** 0.022
Time spend around the dams -0.003591 0.177
Social Status 0.0403459** 0.018
Area of the activity -0.0134631 0.480
Location of the activity 0.038783*** 0.008
Place of residence 0.0058365* 0.081
Resort to other source of water -0.0176565 0.487
Existence of conflicts 0.01209 0.476
State of dams 0.1046437*** 0.003

**%: Significant at 1%, **: Significant at 5%, *: Significant at 10%

The results from the estimation of the production function of trans logarithmic type show that the value of
the gamma estimator vy is equal to 0.26 and significant at 1% (P <0.01). This result indicates the presence of
stochastic technical inefficiency in horticulturalists. This gamma value illustrates that the variation in the units of
production studied (difference between observed production and potential production compared to the border) is
explained by the inefficiency of operators at only 26%. Therefore, 74% of this variability is linked to random
effects. In other words, this result indicates that the component attributable to operator inefficiency is lower than
that associated with random factors. It is important to emphasize that the results presented in table 3 indicate that
among the estimated coefficients of the production function, only that related to the quantity of workforce is
significant at 1%. Furthermore, we cannot directly interpret the B coefficients resulting from the estimation of the
translogarithmic functional form of production, given the existence of interaction effects. Therefore, it was
necessary to calculate the partial elasticities with respect to the factors in order to see the influence of these
variables. Table 4 presents the average elasticities of the production factors obtained from the estimation of the
stochastic model.

Table 4: Elasticities of the production factors to the average of the sample

Partial elasticity of production

Elasticity quantity of water 3.135942
Elasticity surface -2.348639
Elasticity expenditure 7.625388
Elasticity quantity of workforce 1.674036***

From the results presented in Table 4 it turn out that the estimation of the average partial elasticities of the
production factors, especially the quantity of water, the inputs expenditure and the quantity of workforce show a
positive sign and reveal the importance of the impact of these factors on the production of horticulturalists with
the exception of the surface used. This indicates that an increase in each of these factors leads to an increase in
production.

However, out of the four (04) variables introduced into the model, only the variable quantity of work
significantly influences the level of production obtained. Indeed, the partial elasticity of the input quantity of
workforce was found to be significant at the threshold of 1%, therefore an increase of 1% in the quantity of work
used in production contributes to an increase of 1.67% in the production obtained. This result is consistent with
that found by Nuama (2017), who showed that the use of workforce was a source of increased in food production
in Ivory Coast.

About the variable “quantity of water”, although its coefficient is positive, it does not seem to influence the
production of horticulturalists. This result could be explained by the fact that in the agricultural field using a
sprinkler system like horticulture; it is not the quantity of water withdrawn that is decisive in production but rather
the efficiency of its use. This state of affairs had been highlighted by Mokrani (2009) who showed that 30 to 60%
of irrigation water evaporates and does not benefit the crops. In other words, much of the water that evaporates is
consumed unnecessarily and therefore will not have a significant effect on the quantity produced (Kang et al.,
2017). Indeed, the remarkable increase in horticultural production levels necessarily involves more efficient use
of water.

In addition, the cultivated area has no effect on the level of technical efficiency of operators in the city of
Ouagadougou. This result is partially in line with that found by Kouakou (2017) stating that the cultivated area
has a slightly significant and negative or even zero effect on the technical efficiency of urban farmers. Finally,
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expenditure on inputs has no significant effect on the technical efficiency of farmers.

5.2. Determinants of the operators' technical inefficiency

Analysis of the determinants of farmers' technical inefficiency shows that for flower production, the most
significant variables are age, quadratic effect of age, size of the farmer's household, level of education, social
status, location of the plot in relation to water flow, place of residence, and current condition of the dam.

Among these variables, those that reduce the technical inefficiency of operators are age, quadratic effect of
age, size of the operator's household, level of education. Indeed, the results show that there is a negative and
significant relationship at the 1% threshold between the age of the operator and the level of technical inefficiency.
The older the farmers get, the more technically efficient they are in vegetable production. Otherwise, an increase
in the operator's age by one year increases technical efficiency by 0.02487. The most likely explanation for this
result could be the experience gained in the farming of older farmers. Similar results have been reported by Chebil
et al. (2013) who concluded that older operators are more experienced and efficient than younger operators. In
addition, Kamiyama et al. (2016) and Selmi ef al. (2015) reported that age has a positive effect on efficiency. For
these authors, over time, the operator tends to develop a certain expertise and know-how concerning the best
practices for using inputs, especially in the agricultural field. Ishiaku et al. (2017) found the same result with rice
farms in Nigeria. On the other hand, the quadratic effect of age has a positive influence on the technical inefficiency
of horticulturalists. This would mean that from a certain level, age acts negatively on the efficiency of operators,
in the sense that the quadratic effect of age is positive on inefficiency at 5%. This is explained by the fact that an
operator who is too old will no longer have enough physical energy to irrigate his plot and control his production
himself, and that would help to considerably reduce his productive efficiency. Similar conclusions have been
reported by several authors (Ouédraogo et al., 2019; Ben Nasr et al., 2016; Konan, 2014; Sibiko et al., 2012; Coelli
and Fleming, 2004). Indeed, the latter have shown in their studies that there is a negative effect of the aging of
farmers on the efficiency of their farms.

The variable operator's household size has a negative impact on the technical inefficiency of operators at the
10% significance level. When the size of the operator's household increases by one person, the index of technical
inefficiency decreases by 0.00838 units. This result confirms the fact that horticulture is an activity that uses a lot
of workforce (Nuama, 2016). Authors such as Ouédraogo et al., (2019), Bhatt and Bhat (2014) and Kaboré¢ (2007)
have also shown that large households tend to be efficient in agricultural production because of the labor force that
is generated.

The level of education of horticulturist is negatively correlated to the technical inefficiency of the operators
at the 5%. Indeed, the increase in the number of instructional years leads to a reduction in the technical inefficiency
of operators by 0.03611 units. In other words, literate operators are technically more efficient than illiterates are.
The positive effect of education has been revealed by several authors (Ogunmodede and Awotide, 2020,
Kashiwagi, 2017; Messaoud et al., 2016; Ngom et al., 2016; Danso-Abbeam et al. 2015; Konan et al ., 2014;
Lambaraa et al., 2007; Coelli and Fleming, 2004). In fact, for these authors, a literate farmer is very receptive to
the accumulation of knowledge. In addition, the more literate the producers, the more easily they master modern
production techniques and therefore they fully use their production capacity to optimize yields and increase their
productive efficiency. Moreover, the more literate are farmers, the more is their opportunity to have the necessary
information on supply, demand and market prices. Thus, they are part of a logic of profit maximization while
seeking to minimize the risks linked to the uncertainty of future production.

On the other hand, the variables “social status of the operator, location of the plot in relation to the flow of
water and poor condition of the water and soils” increase the technical inefficiency of operators in the framework
of our research.

In addition, the coefficient of the variable “operator social status” is significant at the 5% level and positively
correlated with the operator's technical inefficiency. Being indigenous and therefore a landowner increases the
inefficiency by 0.04034 output units. As a result, natives who are both landowners are less effective than non-
natives are. These results are in contradiction with those of Messaoud et al. (2016) carried out in the irrigated
perimeters of Sidi Thabet in Tunisia. In the context of our research, this result could be justified by the fact that
most of the non-natives who have rented plots demonstrate a rational use of productive resources compared to
native horticulturalists who are owners in order to be able to make their activity profitable.

The geographic position of the operation in relation to the flow of water also has a statistically significant
effect at the 1% threshold on the level of technical inefficiency. The positive correlation between this variable and
the level of technical inefficiency is distinguished. Thus, when one goes from an operator with his plot located
downstream to an operator whose plot is located upstream from the dams, the level of technical inefficiency
increases by 0.03878 units. In other words, the operators located downstream of the dams are more efficient. This
result could be explained by the fact that operators located downstream of dams are better organized and access to
water very easily, since the drying up of dams takes place quickly from upstream to downstream. Upstream
operators lack water before downstream operators. This result is consistent with that found by Mokrani (2009)
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who showed that there is a close link between the amount of water available and the level of agricultural
production. In addition, Dipama (2016) has shown that a low availability of water can result in a decrease in
agricultural production with the consequence of reducing the efficiency of the production considered.

The state of dams also has a positive and significant impact on the technical inefficiency of production at the
1% threshold. The fact that the water in dams and the soils is in poor condition lead to a reduction in the technical
efficiency of the operator by 0.02208 units. This result is in line with those found by Merhabi et al., (2019),
Kouakou (2017) and Abraham (2010). Indeed, according to these authors, poor water quality increases the
technical inefficiency of operators, in the sense that the use of poor quality or polluted water in horticulture
characterized by the strong presence of heavy metals such as copper and zinc present health risks for
horticulturalists (dermatoses, drying of the skin, and cracking of the feet). Likewise, the excessive increase in the
phosphate and calcium contents of the soil following watering with wastewater can impede the normal growth of
plants as noted by the horticulturalists but also cause diseases for plants (leaf spots, black spot, powdery mildew,
etc.).

Finally, the poor quality of soil around the dams in the city of Ouagadougou, as shown by Ouédraogo et al.,
(2018), constitutes a real constraint limiting horticultural production. This poverty of soils, leads horticulturalists
to carry out their cultures on soils enriched with in particular the compost of the gutters or various substrates
(composts, droppings, etc.). Generally, horticulturalists use organic manure, chemical fertilizers, as well as various
pesticides to improve production. Since they do not have the means to have a large quantity of these inputs,
horticulturalists are therefore forced to produce small quantities. This is not without consequences for their
productive efficiency.

6. Conclusion and implications for economic policies

The objective of this research was to estimate the level of technical efficiency of horticulturists around the dams
in the city of Ouagadougou and to analyze the factors explaining the inefficiency of these operators. To reach this
goal, we resort to the model of Coelli and Battesse (1995) by specifying a functional form of trans logarithmic
type as well as the Tobit regression model to estimate the technical efficiency of the farmers.

Our findings indicates the presence of inefficiencies and random effects in the production of dam’s operators.
The average technical efficiency score for dam’s operators was 0.68. State otherwise, operators are technically
inefficient. This inefficiency is largely due to random factors such as the poor condition of dams. Out of the
variables introduced into the model, only the coefficient of the variable “quantity of workforce” significantly
influences the level of output obtained. In fact, the partial elasticity of production in relation to the quantity of
workforce used was significant at the 1% threshold, so a percentage increase in the quantity of workforce in
production contributes to a 1.67% increase in the obtained output. With regard to the determinants, the Tobit
regression model indicates that farmer age, household size and education level improve the technical efficiency of
horticulturists. On the other hand, social status, the positioning of the plot in relation to the direction of water flow
(upstream to downstream) and the poor state of water and soil increase the technical inefficiency of the same
horticulturists.

From these findings, several implications for agricultural and dam protection policies are drawn. Concerning
agricultural policies, the interventions of administrative and communal authorities should therefore focus on
improving the technical efficiency of farmers through supervision and training and the adoption of good production
techniques. About the protection of dams, actions to be carried out should focus on techniques for responsible
water use and compliance with the rules established by the Nakambé Water Agency. All these measures will have
to be subject to an institutional framework in order to make their implementation more effective. This research
had the merit of measuring the technical efficiency level of urban horticulturists in a context characterized by the
increasing scarcity of water resources. Moreover, it is in line with Goal 7 of Agenda 2063 for Africa,
"Environmentally sustainable and climate resilient economies and communities", with the security of water supply
as one of the priority areas. This goal is in line with Goal 6 of the MDGs "Ensure access to water and sanitation
for all and sustainable management of water resources".
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