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Abstract: Due to the semi-arid nature of the Sahelian countries in Africa, irrigation infrastructures
are essential in supporting the improvement of agricultural production. Their proper operation is,
therefore, a key indicator for the sustainable development of agriculture in this region. However, there
is a lack of critical assessment on the operating state of these hydro-agricultural facilities in Burkina
Faso. In this study, we applied a multiple correspondence analysis (MCA) to 4070 hydro-agricultural
facilities from 1950 to 2020 and classified them according to the Permanent Interstate Committee
for Drought Control in the Sahel’s (CILSS) typology classification system (Type 1 to Type 5). The
MCA made it possible to see the relationships between a development typology and variables such

”ou

as “functionality”, “condition of the development”, or “year of construction”. The results indicate
that the irrigated lands with surface areas of less than 100 ha, which were funded by the government
or organizations (associations, NGOs) and managed by local communities, are the least functional
ones and in bad condition. Their dysfunction indeed conceals deep-seated causes that have not yet
been resolved as the infrastructures keep on deteriorating. Therefore, establishing a sustainable and
efficient management system for these agricultural infrastructures is imperative. The findings of this
study can be used as a practical decision-making tool for implementing agricultural policies in the

Sahel region.

Keywords: hydro-agricultural developments; multiple correspondence analysis; Burkina Faso

1. Introduction

Since the beginning of the 1970s, all African tropical countries in the south of the Sahara
have experienced chronic droughts, the most catastrophic of which occurred in the years
1972-74 and 1983-84 [1]. In Burkina Faso, the fight against the droughts during those years
was the basis for implementing strategies calling for water control to improve agricultural
productivity. Several types of development were created, namely the development of
extensive plains (Sourou valley, Kou valley, Bagré site, SOSUCO sugarcane farm) and the
construction of numerous small dams and associated irrigation schemes. However, these
infrastructures have been little used, and management is mainly deficient [2].

Hydro-agricultural developments in Burkina Faso took off in the 1970s. They raised
much hope by providing several annual harvests for producers and strengthening their
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resilience to the climatic hazards inherent for rainfed crops [3]. Management difficulties
have severely limited productivity, leading to farmer disaffection. These difficulties include
the deterioration of the water infrastructure, problems of organization or cooperation
among farmers, land tenure, management problems, and the absence of secure outlets
and structures for the disposal and packaging of crops [3-7]. The state of the water
infrastructure, which is becoming increasingly expensive nowadays, is deteriorating quite
rapidly [8]. The well-known downward spiral of construction-neglect-rehabilitation is
an old management problem and is still a significant reason for institutional redesign and
modernization [9]. While it is true that investments in irrigation and government-led
irrigation management have contributed to a significant increase in food production, the
performance of many irrigation systems has generally fallen short of expectations [10].
Moreover, the maintenance and safety situation of the hydraulic schemes at the technical
level is characterized by a general failure of the Operation and Maintenance (O&M) function,
and this is especially alarming at the level of the many dams (not) managed by local
groups [11].

From the beginning of irrigation in the 1960s to the 1990s, irrigation development
took the form of large-scale and small-scale village schemes. However, from the 2000s
onwards, Burkina Faso’s authorities have encouraged individual initiatives to develop
an informal irrigation sector oriented toward producing high-value-added crops while
continuing to create large- and medium-sized schemes [12,13]. Additionally, from the
2000s onwards, particular emphasis has been placed on small-scale irrigation, given the
difficulties encountered in the various types of facilities, and as part of the promotion of
individual or private initiative. This new method is intended essentially for crops other
than rice [2] and, to a lesser extent, for the extension and rehabilitation of large schemes.
Since then, small-scale private irrigation has begun to occupy an important place in national
strategies and policies [14-17].

The causes that could explain the practical functioning problems in the irrigated sys-
tems are, among others, the application of Structural Adjustment Policies (SAP) [18-23].
Indeed, financial logic has largely taken precedence over the logic of participatory devel-
opment which is based on training and support for producers. The improvement of the
latter’s families” living standards through better productivity of the land, their quality of
water and mostly their work is often more motivating than active participation in the co-
management of infrastructures that are generally designed without their involvement [24].
The socio-economic context of the time and the imperatives of the SAP led the Burkinabe
government to disengage from the processes of agro-pastoral production or the direct
management of hydro-agricultural facilities [20]. This withdrawal of the public authorities
should be a gradual and reasoned transfer of their responsibilities and functions to the
private sector and autonomous farmers’ organizations. The success of this gamble should
be conditioned by assurances that the conditions for this disengagement of the state are
met; farmers’ organizations should be ready to assume management responsibilities; and
the new roles and functions of the state should be able to guarantee the proper use of the
schemes and the necessary valorization of the investments made [18]. Cultural, institutional
and organizational constraints penalize the functioning of farmers’ organizations and limit
the performance of irrigated areas [21]. Illiteracy and insufficient training of actors is also a
characteristic of small-scale irrigators. This situation and their low level of organization
limit their business and negotiation capacities and make it difficult for them to access
equipment, inputs and other modern production factors. Furthermore, the know-how and
skills required for the actors working in the irrigated areas are not always sufficient. Thus,
water management is often left to a farmer assisted by a supervisor who does not always
master water management and the maintenance of works, due to a lack of appropriate
training, although he is familiar with agricultural production techniques [25].

Given the difficulties in managing hydro-agricultural schemes, decision-makers and
donors are wondering what type and size of schemes to promote (small- or large-scale
irrigation), their management mode (collective or individual) and the crops to favor (rice,
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trees, market gardens or mixed crops). This reflection takes place in a context of water
scarcity, increasing competition between agricultural and non-agricultural uses and con-
cerns about protecting natural ecosystems [13,26-31]. However, there is still a lack of
precise diagnoses or inventories of hydro-agricultural infrastructures organized by the
category of development that can guide decision-makers on the types of development
that most need to be supported. It is therefore urgent to carry out a general diagnosis of
hydro-agricultural facilities by typology and to highlight the types of facilities that are
suffering from management problems in order to guide actions for the improvement of
irrigated systems’ performance.

Although diagnoses and assessments have been made by several authors, such
as [2,3,11,14,18,24,27,32-34], we are witnessing a continuous degradation of irrigated systems.

The objective of this inventory is to characterize agricultural facilities in Burkina
Faso and to highlight the types of facilities that have the highest rate of dysfunction from
a physical point of view. In fact, the observation that infrastructure is dysfunctional is
tantamount to showing that there are organizational difficulties in the operation and
maintenance of this infrastructure and equipment. Thus, if we succeed in showing the
characteristics of the least functional facilities, this will be useful to decision-makers in
orienting their actions in the search for solutions.

The present work also aims at improving knowledge of the state of irrigation in-
frastructure in Burkina Faso. Indeed, due to the lack of data on the physical state of the
hydro-agricultural facilities, such an assessment has not always been easy to establish.

Most of the assessments are made by presenting the balance of achievements and
existing potential as well as the difficulties encountered by irrigated agriculture. These
assessments are generally established using descriptive statistics. In the present study, our
approach will be to use a method that allows us to answer questions such as: What is the
link between a development typology and the variable functionality or the condition of the
hydro-agricultural development? What is the period during which a typology starts its
development or stops its growth? What is the type of water resource or means of extraction
linked to a given development typology? Lastly, what general trends can be identified?

2. Materials and Methods
2.1. Study Area

Burkina Faso is a land-locked continental country located in the heart of West Africa
(between 9°20" and 15°05' north latitude, and 5°20" west longitude and 2°03’ east longitude)
(Figure 1). It has a land area of 274,000 km? and is a neighbor to six countries (Benin, Cote
d’Ivoire, Ghana, Mali, Niger and Togo). Burkina Faso therefore remains a crossroads for
trade in the sub-region and a transit country between the Sahelian countries (Mali, Niger)
and the coastal countries. Its closest point to the Atlantic Ocean is 500 km away [12].

Burkina Faso’s climate is dry and tropical with a relatively long dry season and a short
wet season. From north to south, three climate zones can be distinguished [35]: (i) the
Sahelian zone in the north with an annual rainfall of less than 600 mm; (ii) the Northern
Sudanese zone, located between 11°30’ and 14° north latitude, with an annual rainfall of
between 600 and 900 mm; and (iii) the Southern Sudanese zone, located south of 11°30’
north latitude, with an annual rainfall of between 900 and 1200 mm.

The hydrographic network that drains the country is linked to three international
watersheds: the Volta, the Niger and the Comoé. These three basins are subdivided into four
national watersheds over the territory of Burkina Faso. They cover the national territory
in the following proportions: the Mouhoun basin (33%), the Nakanbé basin (30%), the
Niger basin (30%) and the Comoé basin (7%). Finally, at a lower level, these four national
basins are subdivided into 17 national sub-watersheds [36]. This hydrographic network is
fairly dense, but most of the rivers have a temporary flow and their flows show decreasing
trends. Only a few rivers in the Comoé, Mouhoun and Léraba provinces (west) have a
permanent flow.
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Figure 1. Location map of Burkina Faso, a country in West Africa.

2.2. The Database

In view of the large number of hydro-agricultural developments throughout the
country and the lack of data allowing the projections of consistent actions with existing
achievements, the ministry in charge of agriculture in Burkina Faso, through the depart-
ment in charge of hydro-agricultural developments, has taken the option of equipping itself
with a minimum of tools and means necessary for the knowledge of achievements in terms
of hydro-agricultural developments [37]. This initiative has made it possible to recruit
consultancy firms to carry out a nationwide survey to identify hydro-agricultural devel-
opments completed in 31 December 2019. These data were then completed by additional
surveys with the collaboration of the regional directorates of the Ministry of Agriculture
until 31 December 2020. The processed and analyzed data are those from these surveys [38].
The database contents are detailed below.

2.3. Description and Explanation of Variables and Concepts
2.3.1. Hydro-Agricultural Development Data

The database of hydro-agricultural developments includes 142 variables divided into
six main categories of data: (1) administrative and location; (2) development and operation;
(3) crops data; (4) organization and management; (5) water mobilization structure and
management; and (6) the means of water extraction.

In the framework of our study, we are interested in the data that allow us to character-
ize the facilities according to the typology defined by the Permanent Inter-State Committee
for Drought Control in the Sahel (CILSS), as well as the variables that allow us to assess
their physical condition.

The data on each hydro-agricultural development identified and used for our analyses
are: (i) type of hydro-agricultural development, (ii) area developed, (iii) year of completion,
(iv) initiative, (v) functionality, (vi) condition or state, (vii) type of workforce, (viii) main
water resource, (ix) means of water extraction, and (x) typology of the hydro-agricultural
development. The definitions of the 10 variables used in the analysis are provided in
Appendix A.
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2.3.2. Choice of Statistical Method

After pruning the database of variables and individuals that would not be used in
the analysis, we had 4070 individuals and ten qualitative variables (See Table 1). A first
approach was to conduct an exploratory analysis without knowing a priori the links
between the variables.

Table 1. List of variables and modalities.

Variables

Modalities

Type of hydro-agricultural
development (Type.of. HAD)

Irrigated perimeter

Regulated
lowland

Developed area (Dev.Area) [<=10 ha] [100 ha>=] [10 ha-20 ha] [20 ha-50 ha] [50 ha-100 ha]
Year of completion of the

hydro-agricultural development [1981-1990] [1991-2000] [2001-2010] [2011-2020] [<=1980]
(Year.Comp.HAD)

Initiative of the hydro-agricultural . .

development (Intiative.of. HAD) Public Private

Functionality of the

hydro-agricultural development Yes No

(Functionality.of HAD)

Condition of the hydro-agricultural .

development (Condition.of HAD) Good Medium Bad

Type of workforce (Type.Workfoce) Family Employee Family and Employee

Main water infrastructure Dam Drilling River Bouli (deepened pond)
(Water.Infrastructure) Well Pond Runoff water Lake

Means of water extraction Downstream .

(Means.of. Water.Ex) intake Pumping Bypass Manual Natural onflow
Typology of the hydro-agricultural Typel Type2 Type3 Typed Type5

development (Typology.of HAD)

A multiple correspondence analysis (MCA) is a descriptive method which makes it
possible to study the links between several qualitative variables [39]. This method was
chosen firstly because of the nature of our qualitative variables. Additionally, the MCA is a
method well adapted to exploring surveys [40].

Most of the assessments of hydro-agricultural developments in Burkina Faso were
not conducted with an exploratory analysis approach, generally due to the kind of data
available. Therefore, this being the first time that a general census of the developments
has been carried out, it was necessary to find a way of using these data to produce useful
information for decision-makers. In addition, we felt it was important to use another
approach to highlight phenomena that could exist and persist since the beginning of
hydro-agricultural infrastructures in Burkina Faso.

2.3.3. The MCA Principles

A correspondence analysis is a well-established method in the family of multivariate
data analysis methods, which first appeared in the 1960s [41,42]. The objective of correspon-
dence analyses is to obtain a graphical representation of the original data matrix in as few
dimensions as possible [43]. An MCA is an exploratory method of graphing associations
between variables in large categorical datasets to explore their relationships [42,44].

The principle of the MCA is to study the links that may exist between the p (p > 2)
variables considered [45]. In the present study, the MCA is used to highlight the charac-
teristic features of a typology of hydro-agricultural development according to the CILSS
classification. Then it relates a given typology of hydro-agricultural development with

variables such as “functionality “, “year of completion “, and “condition “. The variables
and the corresponding modalities are shown in Table 1.
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2.4. Interpretation of the MCA Results
2.4.1. The Key Stages and Concepts of Interpretation

The interpretation of the results of an MCA is roughly the same as in a correspondence
analysis on a contingency table and in a principal component analysis (PCA) [45]. It should
be noted here that the percentages of inertia or variance are of limited interest. The selection
and interpretation of the factorial axes will be performed essentially with the help of the
contributions of the active variables and the test values associated with the additional
variables. Interpreting an axis means finding what is similar, on the one hand, between all
the elements to the right of the origin and, on the other hand, between all that is written to
the left. One then must express concisely and precisely the contrast (or opposition) between
the two extremes [41].

2.4.2. The Number of Axes to Be Retained

There is no clear rule for limiting the number of axes considered [39]. In the case of our
study, Figure 2 and Table 2 show the eigenvalue scree and the inertia rates related to each
dimension. The eigenvalues are very dispersed, which is one of the intrinsic characteristics
of the MCA. The first three dimensions will be retained. These first three axes cover 43.54%
of the information. Indeed, the interpretation of the first three dimensions allowed us to
meet the objectives of our study.

1

1

Pourcentage d'inertie

1 2 3 - 5 6 7 8 9 10 1 12 13 14

Dimension

Figure 2. Histogram of percentages of inertia obtained as a result of applying multiple correspondence
analysis (MCA) to the data.

Table 2. List of dimensions, related eigenvalues and inertia rates.

Dim.1 Dim.2 Dim.3 Dim4 Dim.5 Dim.6 Dim.7 Sun.8 Sun9 Sun10 Sunl1l Sunl2 Sunl3 Sunl4 Sunl5

Eigenvalue 0.636 0.368 0.302 0.215 0.207 0.204 0.200 0.196  0.185 0.164 0.148 0.122 0.050 0.002 0.001
% of var. 21.189 12.280 10.068  7.153 6.896 6.792 6.670 6.522  6.153 5.477 4.936 4.071 1.677 0.074 0.041
Cumulative % of var  21.189  33.469 43537 50.691 57587 64379 71.050 77.572 83.725 89.202 94.138 98209  99.885  99.959  100.00

2.4.3. The Notion of Contribution (Ctr)

The contribution of a point to an axis is a statistic that depends on both the distance
between the point and the origin along the axis and the weight of the point. The contribu-
tions of the points to the axes are a major aid to interpretation [41,46]. For each point in
the cloud, there is an amount of variance due to the point. The proportion of the variance
of the cloud due to the point, denoted by Ctr, is called the contribution of the point to the
cloud [41].

2.4.4. Difficulties in Interpretation

The difficulty of interpreting the results of an MCA depends on the data under study.
It is a subjective process since it is carried out by each person according to his or her
intuitions and requires a collaboration between a statistician who masters the method and
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a specialist who is familiar with the data being processed [39]. In the context of our study,
we discussed our results in relation to the results of other studies and the major events
marking the development of hydro-agricultural infrastructure in Burkina Faso in order to
support or qualify our observations.

2.4.5. The General Principle of Interpretation

The general principle is to identify the modalities with significant contributions on
the axes and then to look at their positioning on the figures. Given that comparing the
contribution of a modality (j) to its weight is equivalent to comparing its coordinate on the
k-axis (ak]-) to the eigenvalue associated with this axis (j), a modality will have a significant
contribution if its coordinate is strictly greater than the square root of the eigenvalue

associated with the axis (‘a;“ > ‘ v/ yk) [45]. In the case of our study, for the first dimension

(Dim1), we retained an important mode if its coordinate is greater than 0.80. This value is
nothing more than the square root of the variance of the first dimension. On the second
dimension (Dim?2), a category is important when its coordinate is greater than 0.61. As for
the third dimension (Dim3), a modality has a significant contribution when its coordinate
is greater than 0.55.

2.4.6. Additional Elements in an MCA

Additional elements considerably enrich the interpretation of the data [41]. Supple-
mentary items are used a posteriori to characterize the axes. Their introduction into the
factor analysis is a fundamental contribution because it will allow the interpretation of the
factors to be reinforced and enriched [47]. An additional variable will have a significant
correlation with an axis if its test value on this axis is greater than or equal to 2 [40,47].
In the present study, the variables taken as supplementary are: (1) the typology of the
development; (2) its functionality; (3) its condition; (4) the area developed; and (5) the year
of the development. Indeed, the typology of the facility, its functionality and its condition
are the main variables to be explained. It is therefore not appropriate to include them in
the construction of the factorial axes. The year of construction and the surface area are
quantitative variables at the outset, which were made qualitative by dividing them into
classes. We have therefore kept them as additional variables.

2.4.7. The Tools Used

The multiple correspondence analysis (MCA) was carried out with the software R and
the packages FactoMineR and Factoshiny [48,49].

3. Results
3.1. General Appearance of the Cloud of Individuals

The general appearance of the cloud of individuals on the first factorial plane (Dim1
x Dim2) highlights two distinct classes (Figure 3). These classes will strongly dominate the
interpretations; on the left, there are the regulated lowlands, and on the right, the irrigated
perimeters. In our sample of 4070 individuals, we have 2382 regulated lowlands against
1688 irrigated perimeters. The small number of projected points in Figure 3 indicates
that the projected points are mostly overlapping. Indeed, most of the individuals in the
regulated lowland category chose the same modalities.
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Cloud of individuals on the 1st factorial plane (Dim1 X Dim2)

IN)

Dim 2 (12.28%)

Type.of. HAD
. * |rrigated perimeter

oo * Regulated lowland

2
Dim 1 (21.19%)

Figure 3. Graphical display in two dimensions of individuals in principal coordinates resulting from
the MCA of data. The percentage of inertia accounted for by the two dimensions is 33.47%.

3.2. Interpretation of the Different Dimensions without Additional Variables

Figure 4 illustrates the three dimensions that were kept in our MCA. They can be
interpreted in the following ways:

The first dimension (Dim1) can be summarized as a “characterization of hydro-
agricultural facilities”. It opposes the types of development, the types of water mobilization
works and the means of water extraction. In Figure 4a, in terms of negative values, the
important modalities are regulated lowland (—0.83), runoff water (—0.83), and natural
onflow (—0.82). In positive terms, the important modalities are irrigated perimeter (1.17),
employee (1.88), dam (1.09), bouli (1.08), river (1.39), drilling (1.22), lake (2.02), well (1.14),
bypass (0.84), manual (1.13), pumping (1.23) and downstream intake (1.02). The modalities
identified above (strong correlation with Dim1) characterize, on the one hand, the regulated
lowlands with runoff as a water source and natural onflow as a means of water extraction.
On the other hand, the irrigated perimeters have dams, rivers, boulis, drilling, lakes and
wells as works used to mobilize water, with downstream intake, pumping, bypasses, or
manual means of extraction.

The second dimension (Dim?2) is that of the “differentiation of the types of irrigated
perimeters”. It tends to discriminate between irrigated perimeters according to the type of
water resource mobilization work and the means of water extraction. In terms of negative
values, Figure 4a shows the modalities that have a significant contribution to the formation
of the axis: manual (—1.72), well (—1.67) and bouli (—1.20). In positive terms, the important
modalities are: employee (2.23), family and employee (0.79), dam (1.33), river (1.33), lake
(2.73), drilling (0.65), downstream intake (1.72), bypass (1.51) and pumping (1.06). The
manual extraction of water with a well or a bouli as the water mobilization work will
characterize a category of irrigated perimeters. The same will be valid for the dam, the
river and the borehole with downstream extraction, diversion, or pumping.
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Figure 4. Graphical representation of the results of the MCA. (a) Representation on the first factorial
plane (Dim1 x Dim?2) of the 20 modalities of the five active variables. (b) Representation on the
second factorial plane (Dim1 x Dim3) of the 20 modalities of the five active variables.

Finally, the third dimension (Dim3) is “irrigated perimeters, water resources, extraction
means and workforce”. This axis can be interpreted as the axis of opposition between
perimeters irrigated by a dam with downstream intake works and a diverse workforce
(family and employee) and another category of irrigated perimeters with the river, the
borehole, the pond or the lake as the water mobilization works with a salaried workforce. In
terms of negative values, Figure 4b shows the modalities that have a significant contribution:
downstream intake (—3.84), dam (—1.59) then family and employee (—0.76). In positive
terms, the important modalities are: private (0.63), employee (3.5), river (2.00), drilling
(0.87), lake (4.36) and pond (3.62).

3.3. Interpretation of the Different Dimensions with Additional Variables

Figure 5 is the graphical representation of the modalities of the additional variables. It
can be interpreted as follows:

Dim1 can be labelled “typology, area, year of completion”. Figure 5a shows that Axis
1 discriminates between Type 1 schemes on the left and Types 2, 3, 4, and 5 on the right.
Type 1 is found on the side of areas between 10 and 100 ha, mostly built between 2011 and
2020 and mostly in bad condition. The other types are generally less than or equal to 10 ha
or are more than 100 ha in size and were mostly built before 2000. The modalities that
have a significant negative test value are Type 1 (—62.45), developments with an area of
more than 10 ha and less than or equal to 100 ha (([10 ha—20 ha], —14.33), ([20 ha-50 ha],
—19.62), ([50 ha-100 ha], —4.51)), bad condition (—3.37) and years of completion between
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Dim 2 (12.28%)

2011 and 2020 ([2011-2020], —8.28). In terms of the positive values, the modalities are:
Type 2 (40.28), Type 3 (34.88), Type 4 (7.00), the developed areas less than or equal to 10 ha
([<=10 ha], 30.50), the developments with an area greater than 100 ha ([100 ha >= [, 3.84),
good condition (7.15), and years of development from before 1980 to 2000: ([<=1980], 7.45),
([1981-1990], 7.83), ([1991-2000], 5.61).
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Figure 5. Graphical representation of the results of the MCA. (a) Representation on the first factorial
plane (Dim1 x Dim?2) of the 20 modalities of the five additional variables. (b) Representation on the
second factorial plane (Dim1 x Dim3) of the 20 modalities of the five additional variables.

Dim2 can be summarized as “typology and area developed”. This dimension contrasts
Type 2 irrigated schemes, which are mostly less than or equal to 10 ha and were completed
between 2001 and 2010, with Types 4 and 5 irrigated schemes, which are larger than
100 ha and were completed no later than 1990. On the negative side, the modalities with
a significant correlation on Dim2 (Figure 5a) are Type 2 (—7.89), the area developed less
than or equal to 10 ha ([<=10 ha], —12.11) and the year of completion between 2001 and
2010 ([2001-2010], —4.39). In positive terms, the modalities that are strongly related to
Dim?2 are Type 4 (7.78), Type 5 (4.10), the years of realization until 1990 ([<=1980], 9.69),
([1981-1990], 5.16), and the areas larger than 10 ha: (([10 ha-20 ha], 5.31), ([20 ha-50 ha],
5.11), ([50 ha-100 ha], 3.15), ([100 ha>=], 6.97)).

Finally, the third dimension (Dim3) is “functionality and condition”. Dim3 separates
functional facilities in good or medium condition from non-functional facilities in bad
condition. In negative terms, the modalities that have a close relationship with Dim3
(Figure 5b) are: Type 3 (—25.02), Type 5 (—5.87), having the year of completion before 2000
(([<=1980], —11.57), ([1981-1990], —8.59), ([1991-2000], —5.78)), the modality no (—3.46),
in a bad condition (—5.06), and the developed areas between 10 and 20 ha and more than
100 ha: ([10 ha-20 ha], —3.19), ([100 ha >=], —3.54). While the characteristics of facilities
close to functional, good or average are “Type 2”, the facilities close to non-functional and
in bad condition are “Type 3”.
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3.4. Interpretation of the Axes with Active and Additional Modalities Together

Interpretations based on active variables are undoubtedly interesting but have the
defect of being tautological: one explains the results using the data that have been used to
obtain them. We cannot, therefore, be confident that a significant phenomenon has been
discovered. Hence, this is the reason for introducing additional variables. Moreover, the
use of supplementary variables in an MCA is crucial because they allow the results to be
explained with much greater credibility. Indeed, they are neutral in the construction of the
axes. Therefore, a joint analysis with both types of data (active and illustrative) will make
the interpretations more effective.

The first dimension (Dim1) separates hydro-agricultural developments into two main
categories: the regulated lowlands on the left and irrigated schemes on the right. Using the
contributions of the active variables and the degree of correlation of the additional variables
with Dim1, we see that the regulated lowlands are Type 1, with areas generally between 10
and 100 ha, mostly constructed between 2001 and 2020, and are generally in bad condition.
On the other side of the axis, the irrigated perimeters are associated with Types 2, 3,4 and 5.
The best represented are Type 4 and Type 5, with areas of over 100 ha, most of which were
built before the year 2000 and are associated with the modality of having a good condition.
The regulated lowlands are therefore the type of development that has the most structures
in bad conditions as compared to the irrigated perimeters.

The second dimension tends to discriminate between irrigated areas according to the
type of water resource mobilization structure and the means of water extraction. Manual
watering from wells or boulis as the water mobilization structure is associated with Type 2
irrigated areas. These schemes are generally less than or equal to 10 ha in size and were
built between 2001 and 2010. Dams, rivers and boreholes with a means of downstream
extraction, diversion, or pumping are associated with Types 4 and 5 irrigated areas with
a surface area greater than 100 ha and built before 1991. Thus, axis 2 opposes the Type
2 irrigated perimeters, which mostly have a surface area less than or equal to 10 ha and
were built between 2001 and 2010, and the Type 4 and 5 irrigated perimeters, which have a
surface area greater than 100 ha and were built at the latest in 1990.

The third dimension reveals that within the irrigated perimeters, the facilities are in
poor condition from those in an average or good operating condition. In this dimension,
the facilities in a poor operating condition are on the side of the Type 3 modality. The
facilities in a good or average operating condition are on the side of the modalities Type 2,
Type 4 and Type 5.

In a nutshell, we can say that dimension 1 (Dim1) and dimension 3 (Dim3) allow us to
discriminate between functional and non-functional facilities and the states of the latter
(good, average or bad). In addition, Dim1 contrasts the irrigated perimeters and regulated
lowlands. As for dimension 2, it discriminates the irrigated perimeters by typology. These
are Types 5 and 4 at the top of the axis, with areas of more than 100 ha and built before 1990
(Figure 5). Type 2 is at the bottom of the axis, with areas of less than 10 ha, most of which
were built in the 2000s.

Tables 3 and 4 are a summary that presents some characteristics of the development
typologies. They also give in brackets the percentages of each modality for a given variable
and by development typology.
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Table 3. Brief description of each hydro-agricultural management typology, associated with the
percentage of each modality per variable.

Typology Fﬁgﬁ:gfe:ae:: Type of HAD Coﬁ;;e(gon Area Developed Initiative
Mostly constructed ~ Generally, between
between 2001 and 10 and 50 ha
Regulated lowland 2020 [<=10 ha] (24%) . o
Type 1 developmentand  Regulated lowland  [2011-2020] (67%) [100 ha>=] (1%) MOIS)?K]:,;b(IIIEé? *)
controlled flooding [2001-2010] (28%)  [10 ha—20 ha] (32%) ¢
[1991-2000] (4%)  [20 ha-50 ha] (38%)
[<=1980] (1%) [50 ha-100 ha] (5%)
Mostly constructed
between 2001 and Mostly less than or
2020 equal to 10 ha '
Small-scale private . A [2011-2020] (53%) <710 hal (84%) Private (91%)
Type 2 irrigation Irrigated perimeter [2001-2010] (35%) [10 ha—20 ha] (7%) Public and private
[20 ha-50 ha] (7%) (9%)
[1991-2000] (8%)
o [50 ha—100 ha] (1%)
[1981-1990] (3%) [100 ha>=] (1%)
[<=1980] (1%) T
Mostly constructed
between 2001 and  Mostly less than or
2020 equal to 50 ha . o
Tooe 3 Community-based | . .. [011-2020] (58%) [<=10 hal (66%) Priputbhcn(? & °])Dh
ype irrigation gated perimeter  5001-2010] (24%)  [10 ha-20 ha] (17%) va e(go ") public
[1991-2000] (8%)  [20 ha-50 ha] (14%) ?
[1981-1990] (6%)  [50 ha—100 ha] (3%)
[<=1980] (4%)
Mostly constructed
between 1991 and ~ Mostly high than
2000 100 ha [100 ha>=]
Large-scale public . . [2011-2020] (11%) (82%) .
Type 4 irrigation Irrigated perimeter 1) 50101 (16%)  [50 ha-100 hal Public
[1991-2000] (33%) (16%)
[1981-1990] (11%)  [20 ha-50 ha] (2%)
[<=1980] (29%)
Commercial Mostly before 2010 .
Type 5 irrigation under Irrigated perimeter ~ [2001-2010] (67%) IEIII(%(}; ii;;h_aln(ll 880}1;3 Public
PPP [<=1980] (33%) - ?
Table 4. Brief description of each hydro-agricultural management typology, associated with the
percentage of each modality per variable (cont.).
Tvoolo Type of Main Water Means of Water Fonctionality and Frequenc
ypology Workforce Ressource Extraction Condition ;! y
“Less functional” and
“imperfect”
constructions
Family (96%) o . o
Type 1 Family and Runi))férx:\éa: (f/ ()99 %) Natural onflow N(;Efri?g;(;??lsg’/l)/o) Most prevalent (58%)
employee (47%) Bad condition (36%)
Good condition (4%)

Medium condition (60%)
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Table 4. Cont.
Tvoolo Type of Main Water Means of Water Fonctionality and Frequenc
ypology Workforce Ressource Extraction Condition ;! y
Pumping (52%)
Employee (11%) Well (48%), river Manual v(\)latermg Nonfur}ctlonal (08 %)
. o o o (46%) Functional (92%)
Family (79%) (21%), dam (16%), L o . o
Type 2 . 1y Y . natural onflow In good condition (8%)  Most expanding (18%)
Family and drilling (9%), bouli o . o
employee (10%)  (4%), pond (2%) (1%) Bad condition (25%)
P ! Downstream Medium (67%)
intake (1%)
Pumping (50%)
Dam (41%), Well Manual watering Nonfunctional (17%)
Farm.ly (90%) (35 /.o), r1v§r (10%) : (39%) Functlona.l .(83 %0) . Most common after
Type 3 family and drilling (7%), bouli natural onflow In good condition (14%) Type 1 (23%)
employee (10%) (5%), pond (1%) (1%) Bad condition (36%) yp ?
runoff (1%) Downstream Medium (50%)
intake (10%)
Pumping (60%) . o
Family (85%),  River (49%), dam Downstream Nonfunctional (2%)
. . Functional (98%)
family and (36%), Well (7%), intake (20%) s o
Type 4 o s o . o In good condition (4%) Rare
employee (13%) drilling (4%), bouli Bypass (11%) .\ S
Employee (2%) (2%), pond (2%) Manual watering Bad condition (20%)
y ’ 9%) Medium (76%)
Family and Downstream Functional (100%)
Type 5 employee (67%) Dam (100%) intake (100%) In good condition (33%) Extremely rare
Employee (33%) ? Medium (67%)

4. Discussion

Type 1 hydro-agricultural schemes are the most prevalent and have been growing
since the 2000s, according to the studies’ results. In comparison to irrigated perimeters,
these facilities are still the ones in which we most frequently find “less functional” and
“imperfect” constructions. Comparing the state of Type 1 facilities to other types, this
conclusion seems reasonable. This kind of development uses compacted embankments
as basic structures to partially control the water flow [2,50]. Therefore, it is methodically
intentional that this kind of development should be renovated following each rainy season
harvesting campaign. After two production seasons, if this is not done, there is a serious
risk of structural deterioration. The fact that these structures are basic in nature does not,
however, relieve users and management services of their responsibility to guarantee that
these structures are maintained before and following each production season.

Inland valley development projects and programs were implemented by the govern-
ment during the 2000s to help with food security and poverty reduction [51]. Moreover,
some NGOs and associations made investments in lowland development during the same
period. Our results indicated a significant increase in this type of development from the
2000s onward, which might be explained by the intervention of all these programs in Type 1
developments. Furthermore, lowland rice constitutes 67% of the nation’s rice-growing areas
and accounts for 43% of its production, according to government figures, which show that
rice production surged by 190% between 2000 and 2015 [52]. Because building lowlands is
less expensive than constructing irrigated areas, the lowlands have developed quickly.

Our findings show that among the irrigated perimeters, Type 3 is the second most
common after Type 2 and has the most damaged or neglected structures. This finding
is the one that all the writers agree on the most [27,32,53]. Type 3 irrigated perimeters
are those which are typically constructed around tiny dams with a surface area of less
than 100 ha and are controlled by the community. In the past, the Office National des
Barrages et des Aménagements Hydro-agricoles (ONBAH) and the Fonds de 1'Eau et
de ’Equipement Rural were in charge of overseeing this type of irrigated perimeter for
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operation and maintenance support (FEER). Before their dissolution following the execution
of structural adjustment measures, these state-owned businesses played a significant role in
the design, development and administration of hydro-agricultural schemes. Since 1991, the
government of Burkina Faso has worked to restructure the economy through a structural
adjustment program with the assistance of the World Bank and its other partners [13].

As a result, the Dublin conference (1992) emphasized user participation in irrigation
management, which has since spread throughout the world. It has frequently been enforced
by donors who want to cut public spending and improve the administration of irrigated
regions constructed as part of huge development projects, which up until then were
virtually always closely overseen and supervised by the State [24]. Given our findings,
which show more failures in this kind of infrastructure, the backdrop of the retrocession of
Type 3 schemes shows that farmer self-management has not necessarily succeeded in the
case of Burkina Faso.

Types 4 and 5 are extremely uncommon, yet they are big, highly useful and generally
in good shape. Additionally, they were primarily constructed before 2000. Our observations
can be explained by the advantages of governmental supervision for Type 4 and a public—-
private partnership (PPP) operating mode for Type 5 in these advances. Indeed, these
significant developments, such as the Sourou Valley, the Kou Valley, the Bagré site (type
4) or SOSUCO (type 5), are a result of the droughts of the 1970s, and the State provided
systematic assistance in their management. For instance, the Sourou Valley Development
Authority (AMVS), established in 1986 (see Kiti n°86-286/CNR/PRES of 14 June 1986,
for the foundation of the AMVS), oversees and coordinates the Sourou Valley’s irrigated
regions [54]. The Bagré Project Management Authority, which is responsible for the Bagré
site, was established on 25 June 1986 by Kiti n°86-240/CNR/PRES/Eau. It has the legal
status of a public administrative institution with legal personality and management au-
tonomy [55]. Public investments enable these institutions to fulfill their purpose, which is
to carry out the State’s irrigation strategy. Therefore, it makes sense to observe that these
facilities” operations generally run well.

Our findings show that among the irrigated perimeters, Type 2 schemes are the ones
expanding the most and, for the most part, are in good condition. This trend started in
the 2000s.

National policies and strategies were implemented in the 2000s to support private
initiative in agriculture production [56]. The Decentralized Rural Development Policy
Letter (LPDRD), the National Food Security Strategy (SNSA), the Rural Development
Strategy (SDR) and the National Rural Sector Program are just a few examples (PNSR).
Therefore, the spread of Type 2 schemes would begin with the implementation of these
policies and tactics. Even across all of Africa, it has been seen that Type 2 irrigation has
increased during the past 20 years [57].

In 1995, the total area of private irrigated farms in Burkina Faso was estimated at
4000 ha [13]. According to statistics from the national directory of hydro-agricultural
developments, in 2020, the total area under the private initiative was estimated at 15,000 ha
with a larger number of individual investors.

An ongoing initiative called “Budgetary Program 075” (hydro-agricultural and irri-
gation facilities) significantly supported private operators between 2015 and 2020. These
include discounted rates on market garden wells, motor pumps, run-off water collection
basins (BCER), and the supply of polyvinyl chloride (PVC) pipes for irrigation [58]. The
management of the infrastructure in Type 2 may be the cause of its typically decent state.

It would be wise to carry out more in-depth studies on irrigated systems by typology
to evaluate their performance and suggest suitable solutions in terms of moving forward
in the quest to discover “quick fixes” to the various management problems of irrigated
systems. A technique for assessing the performance and diagnostics of irrigated systems
was developed by the IIMI/PMI-BF in 1996 [59]. This methodology has made it possible to
assess the effectiveness of five tiny irrigated perimeters surrounding Burkina Faso dams
(Type 3) [33]. The performance of Type 4 irrigation systems in the southwest of Burkina
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Faso (Kou valley and Karfiguéla) was assessed using the same methods [8]. Innovative
techniques tailored to a rural setting can be employed in this inquiry to understand the
root reasons of irrigation system malfunction and to develop adequate solutions, such as
the WASO approach [60]. This method has provided the dual benefits of revealing both the
points of view of the irrigators (even the illiterate ones) surveyed and the solutions to the
issues as seen by the responder.

Our study does not claim to have exhausted the question of the evaluation of hydro-
agricultural schemes in Burkina Faso. We have focused on aspects of the physical in-
frastructure conditions based on surveys conducted by several investigators which may
involve errors in assessment and data collection. Other assessments have typically taken
stock from an agronomic point of view, from an organizational point of view, from a water
management point of view, etc. One could also take into account the socio-economic,
cultural and educational characteristics of the beneficiaries/farmers of the schemes. This
could also explain the condition of the schemes despite their classification: thus, this is a
limitation of the study. The MCA method depends on the quality of the data collected, but
we have tried to correlate our results with the results of other studies, different findings
and milestones in the development of hydro-agricultural schemes in Burkina Faso in order
to discuss our results. This work can serve as a reference for the periodic evaluation of
hydro-agricultural schemes in Burkina Faso.

5. Conclusions

The inventory of hydro-agricultural developments in Burkina Faso, based on the
multiple correspondence analysis, has made it possible to characterize the irrigated systems
by typology and the key periods in their historical development. This study confirms,
in figures, all previous studies that note the continuous degradation of the agricultural
facilities. However, it has the privilege of highlighting, by typology, the facilities that have
the most operating difficulties, particularly Type 3. This information is essential for public
authorities, NGOs, and technical and financial partners to make decisions regarding the
orientation of their actions in the rural world.

While it is essential to have an inventory of hydro-agricultural facilities at a given time,
it is also necessary to be able to monitor their evolution. While the information provided
by the data in the national directory of hydro-agricultural facilities is useful, the latter has
been the result of a long process. The survival and importance of this database will depend
on the quality of its data and its periodic updating, hence the need to set up a dynamic
database and update it periodically to be able to monitor changes in time and space. The
reason is that this information is important for all rural development actors.
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Appendix A

Variables Definition

Hydro-agricultural developments are classified into two (02)
types. The irrigated perimeters where water control is total and

Type of hydro-agricultural development (Type.of. HAD) the regulated lowlands where water control is partial. The
lowlands are the axes of preferential convergence of surface
water, hypodermic runoff and groundwater [61,62]

The developed area is the area that the irrigation network can
supply with water, in the case of irrigated perimeters. It
corresponds to all the space that can retain a water level that
allows rice to be grown, in the case of regulated lowlands.

Developed area (Dev.Area)

Year of completion of the hydro-agricultural development The year of completion of the development is the year in which
(Year.Comp.HAD) the development work is completed.

The development initiative refers to the origin of the investment
in the irrigation system or the regulated lowland. It answers the
question:

who financed the development work? There are therefore two

L . (02) types of initiative: public or private:
Initiative of the hydro-agricultural development

(Intiative.of. HAD) o
n Public initiative (state, donors, NGOs);

. Private initiative consists of the farmer investor (farmer or
group of farmers); and the non-farmer private investor
(individual or company).

The functionality of the scheme refers to the infrastructure that
has been built. In the case of an irrigated perimeter, it is
therefore a question of seeing whether the irrigation network
and its means of drainage as well as the other works are still
used by the farmers to bring water to the crops. If the irrigation
system is no longer in use, then the scheme is said to be
non-functional. There may be cases where the site is in use, but
no longer uses the works that were built, so the scheme is
declared nonfunctional.

Functionality of the hydro-agricultural development
(Functionality.of. HAD)

The quality of the works of the development has three (03)
modalities (good, average, bad).

A development in good condition means that it has not suffered
any significant deterioration.

A development is in average condition when the structures are
somewhat degraded with demolished structures that can no
longer fulfil their role.

A development is in bad condition when the structures are
completely damaged and can no longer perform their functions.

Condition of the hydro-agricultural development
(Condition.of. HAD)
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Variables

Definition

Type of workforce (Type.Workfoce)

The type of labour has three modalities: Family, Employee or
Family and Employee. Family workforce: this is when
production activities are performed by members of a family. It
also includes self-help systems in communities.

Employee workforce: this is when the people involved in all
production activities are employees paid for their services.
Family and Employee workforce: this is when production
activities use both types of workforces mentioned above.

Main water infrastructure (Water.Infrastructure)

The water resource is the structure that mobilizes the water. In
the case of irrigated areas, it can be a dam, a borehole, a pond, a
river, a well, a bouli, a natural or artificial lake or a sump. In the
case of regulated lowlands, the water resource is called ‘run-off”.

Means of water extraction (Means.of.Water.Ex)

The means of dewatering is the equipment, technique or
method used to move water from the resource to the irrigated
area. In the case of irrigated areas, it can be by intake
downstream of a dam, by pumping (motor pump, submersible
pump, hydroscrew, etc.), by bypass from a watercourse, by
siphoning, or manually using wells. In the case of shallow areas,
natural onflow is used as a means of drainage.

Typology of the hydro-agricultural development
(Typology.of HAD)

. Type 1: improvement of rainwater mobilization
(controlled flooding schemes and lowlands generally on a
few dozen to a few hundred hectares managed by village
communities or communes).

. Type 2: individual irrigation of high value agricultural
products (developments of less than one hectare to a few
tens of hectares carried out on an individual or enterprise
basis).

. Type 3: small- and medium-scale irrigation managed by
village communities for household food needs and local
markets (developments of less than 100 ha exploited
collectively, carried out with external financing, but with
possible participation of the community, including Village
Irrigated Perimeters (VIP) and Small Market Garden
Perimeters (SMP)).

" Type 4: modernization and expansion of existing large
public irrigated perimeters, particularly for rice
(developments of 100 ha to more than 1000 ha, publicly
financed through a development company, with possible
participation of the beneficiaries, operated by a traditional
peasantry and structured in producers’ organizations).

. Type 5: commercial irrigation (national or export markets)
based on PPPs with areas of a few hundred to a few
thousand hectares. The developments benefit from public
funding in return for private (agro-industrial) contractors
complying with a set of specifications, which may include
services to be rendered to family producers installed on
the same development [63].
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