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Abstract: Land degradation is a major issue in the Sahel region. Numerous investments have been
made in implementing sustainable land management (SLM) actions to reverse land degradation. Our
work aims to (i) describe the variety of degraded land reclamation actions (DLRAs) and (ii) map the
stakeholders acting in Niger. A time series (2008–2021) of georeferenced public data was collected
and organized using a harmonized nomenclature. The results show that about 279,074 ha could
be analysed in our study. Dug structures are the most widespread technique, while treated land is
mostly devoted to single agricultural or pastoral uses. DLRAs are unevenly distributed in the Niger.
More than 100 stakeholders were part of the effort to restore degraded land in the country—some
playing a specific role, while others, such as the Government of the Niger, were responsible for
mobilizing funds for implementing sustainable land management programs, while also carrying out
certain programmes of their own. Our study points out the added value of creating a geolocalized
dataset and, in future, a spatialized database management system to (i) deploy targeted sustainable
land management actions complementing past and ongoing actions and (ii) create synergy between
all the stakeholders.

Keywords: biophysical actions; combat land degradation; stakeholder network; spatiotemporal
database; traceability; monitoring and evaluation

1. Introduction

The well-being and livelihoods of rural populations are strongly dependent on the
health and productivity of land [1,2]. Natural resources overuse and increasing demand are
causing rapid land degradation worldwide [3]. Degradation is characterized by a negative
trend in the state of the land [4]. It involves the total or partial loss of vegetation cover, soil
fertility, productivity, and/or biodiversity, leading to a decline in ecosystem services and
socio-ecosystem resilience [5]. In fact, 52% of soils are moderately or severely degraded on
a global scale [3]. In sub-Saharan Africa, the situation is worse. It is estimated that 75% of
arable land is degraded or highly degraded [6].

In the Sahel, land degradation is the result of human activities that overexploit non-
renewable natural resources in a constrained biophysical environment [7–9], exacerbated
by climate change and biodiversity loss [10]. In most Sahelian countries, land degradation
is not compensated by actions that aim to restore or rehabilitate degraded land. The net
result is negative [11]. Thus, the deterioration of the physical-chemical and hydrological
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properties of soils leads to an increase in water and wind erosion [12], and a decrease in
the productive capacity of semi-arid ecosystems. Economic losses equivalent to 10–17% of
global GDP are attributed to land degradation [13]. The well-being of 3.2 billion people is
impacted, and one million animal and plant species could disappear by 2050 [14].

Reducing or slowing down land degradation, and rehabilitating or restoring (where
possible) degraded land is the challenge of Sustainable Development Goal (SDG) 15.3 of
the United Nations. Moreover, beyond this single target, this issue also concerns food
security (SDG 2), poverty reduction (SDG 1), water quality (SDG 6), and mitigation of and
adaptation to climate change [15].

Several international initiatives promoting actions to treat degraded land have been
launched. These include the Bonn Challenge launched in 2011 with the goal of treating
150 million ha by 2020 and 350 million ha by 2030 [16]. The African Forest Landscape
Restoration Initiative launched in 2015 aims to treat 100 million ha of degraded land by
2030 [16]. The “4‰ Initiative: Soils for Food Security and Climate” launched in 2015
proposes to annually increase the organic carbon stock in cultivated soils by 4‰ at the
global level to offset the annual increase in anthropogenic CO2 emissions. In the Sahel,
the Great Green Wall (GGW) initiative launched in 2007 aims to treat 100 million ha of
degraded land by 2030.

In this context, adopting sustainable land management practices (SLM) is a solution
to promote better management of natural resources and establish the foundations of
sustainable economic and social development [17]. SLM practices and approaches help
treat degraded land [18,19], but also prevent or slow down their degradation.

As in other Sahelian countries, in the Niger the strong anthropization of rural areas has
led to the degradation of over 60 percent of arable land [20]. This situation is characterized
by the disappearance of vegetation cover and soil crusting [21–23]. Many SLM initiatives
have been implemented since 1984, with combating desertification declared a “national
priority.” As a matter of fact, projects and programmes led by a wide diversity of stakehold-
ers have endeavoured to treat land degradation by promoting a wide range of techniques
and technologies. However, there has been a lack of stocktaking at the national level in the
Niger around the implementation of degradation land reclamation actions—both in terms
of location and the roles played by the various stakeholders. Our work, part of a broader
project entitled “Large scale assessment of land degradation to guide future investments
in sustainable land management in the Great Green Wall countries (Global Environment
Facility grant 9825), aims to fill those gaps. In addition, it maps the links between the roles
of the different actors (donors, fund mobilizers, operators, and implementers). To this
end, we have developed a spatially referenced data table that lists and maps temporally
sequenced (2008–2021) geolocated data. These data have been collected from publicly
accessible sources.

2. Methodological Approaches
2.1. Data Collection on SLM Actions and Construction of a Spatially Referenced Data Table,
Viewable in GIS, for the Traceability of Degraded Land Reclamation Actions (DLRA)

Seven main steps were followed (Figure 1).
Step 1: Information mobilization
The aim was to collect and centralize all types of public data dealing with SLM actions

carried out in Niger between February and June 2022, from the oldest to the most recent, in
various formats and media, available online or distributed among the structures holding the
data (public, parapublic, or private). To identify these different structures, a pre-established
survey form was distributed to an initial list of 20 active structures, made up of NGOs,
projects, and development programmes present in Niger. Interviews were also conducted
with civil society and bilateral cooperation actors in order to make a brief diagnosis of the
databases of SLM actions in Niger. The consultation of technical documents (such as study
reports), scientific articles, websites, and institutional databases dealing with degradation,
treatment, or SLM, helped complete the information thus collected.
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V1 = Version 1; V2 = Version 2; V3 = Version 3.

Step 2: Extraction of relevant data according to traceability criteria
The information collected was sorted, and the useful data were extracted and inte-

grated into a single data table in Excel format. From the range of SLM actions or those
designed to combat land degradation (ADA), the DLRA implemented in the field were
selected (Figure 2).
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Only geolocated DLRAs were selected for our work. Geolocation is a key traceability
criterion, as it allows anyone to return to the places where the DLRAs were implemented
and to avoid having to inventory the same action several times. The other traceability
criteria are the type of DLRA; the area treated, the spatial entity (region, department,
commune, village), the year, the purpose; and the donors, the actors who mobilize these
donors, the operators, and the implementing entities on the ground.

Step 3: Co-construction of the data table
The result of this work of collecting and organizing data on DLRAs was presented to

some thirty actors representing the various structures in order to gather their analysis on
the construction of this data table and to enrich it with projects that had been overlooked
until then.

Step 4: Classification of data according to a harmonized nomenclature
Each DLRA was described according to the official national technical sheets for SLM

actions in Niger [24,25]. When the DLRA at a site is a combination of several actions, the
name of the action with the largest treated area is used.

To define the roles and responsibilities of the different actors, it was necessary to return
to the project documents. Four categories of actors were identified along the chain (Figure 2):
(1) donors (Do); (2) fund mobilizers (Fm)—who identify and mobilize funds; (3) operators
(Op)—who put DLRAs in action; and (4) and implementers (Im)—who implement DRFLAs
in the field.

Step 5: Consolidation of geolocated data
The collection of data from multiple sources generated geolocation errors and inconsis-

tencies. Systematic georeferencing and localization work was then carried out: (1) by assign-
ing a georeference to the names of non-georeferenced localities, and conversely, (2) by as-
signing the name of a locality to the georeference without locality. All these operations were
carried out using tools such as Google Earth and Geonames (https://www.geonames.org/,
accessed on 12 December 2022). Only those DLRAs that were consolidated in this way
from a geolocation point of view were retained. The subsequent cleaning of the data table
consisted of (1) deleting the data collected that did not relate to the DLRA; (2) deleting the
DLRAs that did not contain all the descriptive data that would allow them to be traced
(cf. step 2); (3) correcting the input errors detected and standardizing the formats of the
geographical coordinates; and (4) deleting the duplicates.

Step 6: Passage to a geolocated data table that can be viewed in GIS
Once the geolocated dataset and other traceability criteria had been filled in, their

Excel table format (*.xls) was converted into text format (*.txt) and then into GIS format,
using the mapping software Qgis.

Step 7: Verification of the adequacy of the geographical coordinates with respect to
the administrative boundaries of Niger

Viewing the DLRAs in Qgis revealed that some of them are outside Niger or do not
fit into the internal administrative division (region, department, commune). Using the
attribute table and tools such as Google Earth and Geonames, they were then brought back
to the corresponding administrative boundaries.

2.2. Data Analysis

The analytical work is based on a single parameter: the total area of land treated
contained in our date base (e.g., 279,074 ha). The analyses (in Excel 2013) were carried out
on the harmonized and consolidated DLRA data. The e!Sankey software (version 5.2.1)
was used to visualize (i) for each of the roles (e.g., Do, Fm, Op, and Im), the respective
contribution to each of the categories of actors (see Tables S1–S5); and (ii) their interactions
(e.g., the funds of which donors are mobilized by which fund mobilizers, and then used to
support the actions of which operators, who in turn entrust which category of implementers
to carry out the actions required to treat a total of 279,074 ha). The size of the nodes (Do, Fm,
Op, and Im) and the links between each category of actors depend on their contribution to

https://www.geonames.org/
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the role and the interactions of the actors. The results are expressed as a percentage of the
total area treated (Table S6).

3. Results
3.1. Data Table: Keys to Identifying and Harmonizing the Nomenclature of DLRA in Niger

Given the diversity of DLRAs in terms of an official nomenclature (see Step 4), they
have been grouped together according to two levels of structuring (Figure 3: in green, first
level; in grey, second level). This grouping is the result of a consensus between Nigerien
LCD experts at the end of a three-day workshop.

Land 2023, 12, x FOR PEER REVIEW 5 of 18 
 

Viewing the DLRAs in Qgis revealed that some of them are outside Niger or do not 
fit into the internal administrative division (region, department, commune). Using the at-
tribute table and tools such as Google Earth and Geonames, they were then brought back 
to the corresponding administrative boundaries. 

2.2. Data Analysis 
The analytical work is based on a single parameter: the total area of land treated con-

tained in our date base (e.g., 279,074 ha). The analyses (in Excel 2013) were carried out on 
the harmonized and consolidated DLRA data. The e!Sankey software (version 5.2.1) was 
used to visualize (i) for each of the roles (e.g., Do, Fm, Op, and Im), the respective contri-
bution to each of the categories of actors (see Tables S1–S5); and (ii) their interactions (e.g., 
the funds of which donors are mobilized by which fund mobilizers, and then used to sup-
port the actions of which operators, who in turn entrust which category of implementers 
to carry out the actions required to treat a total of 279,074 ha). The size of the nodes (Do, 
Fm, Op, and Im) and the links between each category of actors depend on their contribu-
tion to the role and the interactions of the actors. The results are expressed as a percentage 
of the total area treated (Table S6). 

3. Results 
3.1. Data Table: Keys to Identifying and Harmonizing the Nomenclature of DLRA in Niger 

Given the diversity of DLRAs in terms of an official nomenclature (see Step 4), they 
have been grouped together according to two levels of structuring (Figure 3: in green, first 
level; in grey, second level). This grouping is the result of a consensus between Nigerien 
LCD experts at the end of a three-day workshop. 

 
Figure 3. Scheme for grouping DLRAs in Niger according to a harmonized nomenclature. 

Trenches are works dug along a line, within which several stone cordons may be 
placed, and between two lines of trenches several half-moons are dug. In principle, where 
trenches exist, they take precedence over other excavated works. The same applies to a 
low wall that is dug along a slope or a gully. In a trenched area, one or more low walls can 
be built upstream to slow down the runoff. 

The DLRAs grouped under the nomenclature of “half-moons” are the combinations 
of half-moons associated with low walls and half-moons associated with micro-pools. The 
half-moons therefore take precedence over the low walls and micro-pools constructed to 
treat koris. A kori is a low-lying area with the appearance of a dry riverbed in the dry season 
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Trenches are works dug along a line, within which several stone cordons may be
placed, and between two lines of trenches several half-moons are dug. In principle, where
trenches exist, they take precedence over other excavated works. The same applies to a low
wall that is dug along a slope or a gully. In a trenched area, one or more low walls can be
built upstream to slow down the runoff.

The DLRAs grouped under the nomenclature of “half-moons” are the combinations of
half-moons associated with low walls and half-moons associated with micro-pools. The
half-moons therefore take precedence over the low walls and micro-pools constructed
to treat koris. A kori is a low-lying area with the appearance of a dry riverbed in the
dry season and experiencing strong runoff after the rain. The low walls and micro-pools
are most often downstream of other dug structures, such as half-moons, that occupy a
higher surface.

The DLRAs grouped under the nomenclature of “stone cordons” are in fact half-
moons associated with stone cordons, based on the principle that between two lines of
stone cordons several half-moons can be dug.

The DLRAs grouped under the nomenclature of “benches” are those associated with
half-moons or zaïs, or those associated with trenches. In fact, benches are long excavations
laid out on the contour line. They consist of a bead at the downstream end and a ditch at
the upstream end with two wings, where the space between the wings and along the edges
can be used to dig half-moons, zaïs, or trenches.

In total, 17 “elementary” DLRA types were differentiated, but as the typology in
Figure 3 shows, they are most often combined on the same plot:
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• Eleven of these are dug structures (half-moons, benches, stone barriers, trenches, low
walls, zaï, and micro-basins) for soil and water conservation (SWC), soil defence, and
restoration (SDR), and almost always combined; these are mechanical actions.

• One is a biological action of SWC and SDR, namely dune fixation.
• Four are biological agricultural actions (assisted natural regeneration (ANR) practices

and tree planting in agroforestry/forestry and pastoral rangeland management and
forage seeding in pastoralism).

• A combination of mechanical (bench) and biological (ANR) actions.

3.2. Dugouts at the Heart of Degraded Land Treatment in Niger

The DLRA data table shows that a total of 279,074 ha of degraded land treated in
Niger has been georeferenced over the period 2008 to 2021. In general, dug-out structures
remain at 80% (i.e., 223,822 ha of the total area of treated land) at the heart of the treatment
of degraded land in Niger. However, the georeferenced treated areas vary significantly
between the different types of DLRA (Figure 4). Thus, with 170,424 ha (61%), half-moons
occupy the largest area of total land treated. They are followed by dune fixation and
benches with, respectively, 39,230 ha (14%) and 38,072 ha (13%). The other DLRA represent
only 12% of the total area treated, with 7806 ha (3%) for stone cordons, 7394 ha for forage
seeding (3%), 4534 ha (2%) for trenches, 3122 ha (1%) for plantations, 3090 ha (1%) for ANR,
2415 ha (0.9%) for grazing lands, 1398 ha (0.6%) for zaï, 1173 ha (0.4%) for low walls, and
414 ha (0.1%) for micro-basins.
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The DLRA are implemented on land with different uses (Figure 5). The largest
proportion of land treated (168,992 ha, or 60%) is agricultural or pastoral. Pastoral land
(e.g., silvopastoral, agropastoral, and agrosylvopastoral) and forestry land (silvicultural
and agrosilvicultural) represent 36% and 4% of the land treated, respectively.
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3.3. DLRAs Are Unevenly Distributed in Niger
3.3.1. Analysis by Administrative Region of the Spatial Distribution of DLRAs

From 2008 to 2021, the proportions of land treated in each year relative to the total
over the period vary from year to year (Figure 6). In 2012, the most land was treated
by DLRA. Indeed, almost 20% of all land treated was treated in 2012, that is 50,844 ha.
In 2013, 2014, 2015, 2016, 2017, and 2021, about 10% of the total 279,074 ha recorded in
our database was treated per year. The years 2008, 2009, 2010, 2011, 2018, 2019, and
2021 saw low investments in SLM. The political will of the State of Niger is illustrated
through the launch of the 3N programme “Nigériens Nourrissent les Nigériens”, and the
implementation of various programmes (e.g., COMPACT of the Millennium Challenge
Account, the Programme for the Development of Family Farming in the Regions of Maradi,
Tahoua and Zinder (ProDAF), and the Support Project for Rural Activities and Financing
of Agricultural Commodity Chains in the regions of Agadez and Tahoua). On the other
hand, the years of low investment can be explained both by projects that have come to an
end, others that have not started, and for 2020 by the health situation slowing down the
execution of the projects.

Expressed as a proportion of the total area of land treated (i.e., 279,074 ha), the contri-
bution of the actions differs according to the administrative regions of Niger (Figure 7). The
Tahoua region represents, with all types of actions taken together, the highest proportion
of the total land treated (26%). The existence, since 2008, of data documenting the actions
undertaken in this region is one of the reasons for this result. In contrast, a lower share of
land treatment actions in the other regions can be explained by a lack of data. Conversely,
only 1% of the actions to treat degraded land are carried out in the Niamey region. Without
ignoring the issue of archiving actions, this result can also be explained by the very urban
nature of this region and therefore the weakness of efforts made on the outskirts of the city.
For the other regions, the proportions of land treated are almost equivalent, in ascending
order, between the regions of Zinder (14%) and Diffa (13%), Maradi (16%) and Tillabéri
(16%), and finally Dosso (7%) and Agadez (7%).
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3.3.2. Type Analysis of the Spatial Distribution of DLRA

The visual analysis is made possible by the use of symbols in Figure 8 that distinguish
between types of DLRA. Geolocated DLRAs are found mainly in the southern half of Niger,
an agricultural area par excellence. Half-moons and benches predominate in all regions of
Niger, except in Diffa where benches are absent. The sandy and sometimes clayey soils in
the lowlands of this region are not conducive to the deployment of benches.
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The practice of dune fixation is mainly observed in the regions of Diffa, Tillabéri, and
Zinder, more marginally in the south-west and south-east of the Agadez region, in the
north and east of the Maradi region, and in the east of the Tahoua region. These are the
northernmost parts of the country from east to west, most affected by wind erosion leading
to sand dune movements. These are also pastoral areas par excellence where pressure on
plant resources is very intense, leading to soil denudation. RNA and tree planting practices
are widespread, except in the regions of Dosso, Niamey, and Agadez. Niamey is a highly
urbanized area not oriented towards rural agricultural activities, while much of the Dosso
area is either covered by in-ground plateaus or covered by woody vegetation (W park
forest). Fodder sowing is observed everywhere except in the regions of Dosso, Niamey, and
Diffa. Dosso and Niamey do not constitute a livestock zone par excellence, and therefore
do not have degraded pastoral land. The size of the pastoral area in the Diffa region has
probably limited seeding efforts.

Some DLRAs are implemented exclusively in certain regions: low walls in the Tahoua
region; trenches in the Tahoua, Zinder, Dosso, and Tillabéri regions; stone barriers in the
Agadez, Tahoua, Dosso, and Niamey regions; micro-basins in the Maradi and Tillabéri
regions; zaïs in the Maradi and Tahoua regions; and pastoral rangeland development
in the Tillabéri, Maradi, and Dosso regions (Figure 8). This specialization is linked to
the geomorphological and agroecological characteristics of the regions but also to the
requirements of the practices themselves. For example, the stone cordons require the
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presence of stone, a resource which the regions located on the plateaus and plinths are
endowed with, as is the case in Tahoua, Agadez, Dosso, and Tillabéri.

The micro-basins are constructed in rainy areas with relief (Tillabéri) or soils sensitive
to linear erosion that can create koris and gullies (Maradi). The zaï are more suitable for
DLRAs on the crested soils of agricultural areas (Tahoua) or to optimize organic fertilization
on degraded sandy soils (Maradi).

3.4. Mapping the Actors’ Role: The State of Niger, a Key Player in the Fight against Land
Degradation in Niger

The contributions of the more than 100 stakeholders identified in our database to
the 279,074 ha processed by DLRAs can be distinguished according to their “functional”
role: (1) as donors (Do), (2) as fund mobilizers (Fm), (3) as operators (Op), and (4) as
implementers (Figure 9).
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Figure 9. Chain of actors for sustainable land management in Niger. Note: left to right: (1) donors
(Do); (2) fund mobilizers (Fm), i.e., an actor who identifies and mobilizes funds; (3) operators (Op),
i.e., an actor who puts DLRA in action; and (4) implementers (Im), i.e., an actor who implements
DLRAs in the field. Legend: Donors: ADA/Do—African development agencies; IDA/Do— inter-
national development agencies; UNA/Do—United Nations’ agencies as a donor; AB/Do—African
Bank; CB/Do—community banks; NpB/Do—The Niger public budget; BWI/Do—Bretton Woods
Institutions; IO/Do—international organizations; TFP/Do—technical and financial partners; EU/
Do—European Union (See detail in Table S1). Fund Mobilizers: Niger/Fm—The Niger public author-
ity; I.NGO/Fm—NGOs and international associations; N.NGO/Fm—NGOs and Nigerien associations;
RO/Fm—sub-regional organizations (See detail in Table S2). Operators: UNA/Op—United Nations’
Agencies; Niger/Op—The Niger as a fundraiser; LA/Op—local authorities; I.NGO/Op— NGOs and
international associations; N.NGO/Op—NGOs and Nigerien associations; RO/Op—sub-regional
organizations (see detail in Table S4). Implementers: IDCA/Im—International development coopera-
tion agencies; LA/Im—local authorities as an implementer; Niger/Im—The Niger as an implementer;
I.NGO/Im—NGOs and international associations as an implementer; N-NGO/Im—NGOs and Nige-
rien associations; I.DP/Im—international development programmes (see detail in Table S5).
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Ten categories of donors financed the implementation of DLRAs in Niger (Table S1)
and for various areas (Figure 9). The UN agencies and Bretton Wood institutions are
the main donors, whose financing represents, respectively, 36% (100,565 ha) and 34%
(96,825 ha) of the total area of DLRAs. The Government of Niger, with its own funds,
comes in third place with 12% (35,716 ha) of DLRAs. Other donors (e.g., international
agencies, the European Union, African banks, technical and financial partners, African
development agencies, community banks, and international organizations) have made
funding available to treat 7%, 4%, 3%, and 1%, respectively, of the total area of land treated
in Niger.

As an actor involved in the mobilization of funding (Table S2), the Government of
Niger plays a key role. Its action has made it possible to treat 63% of the total area. In
this role of mobilizing funds, NGOs and international associations are the second most
important actor (e.g., 33% of the total area treated is due to their efforts to mobilize funds).

Once mobilized, these funds dedicated to DLRA are put into action by six categories
of operators (Table S3). Their contribution varies (Figure 9). Again, in this role, the
Government of Niger is the main actor. It has implemented actions covering 63% of the total
area treated. The remaining third was made possible by the action of the UN agencies (18%)
and the NGOs/international associations (19%). The action of other operators (e.g., national
NGOs/associations, sub-regional bodies, and municipalities) constituted less than 4% of
the LADA. Development programmes and projects have been the most effective vehicles
to put DLRAs into action (Table S4 and Figure 9). The largest areas of DLRA, amounting
to 149,137 ha (53%), were implemented under national development projects (e.g., the
Climate-Sensitive Agriculture Support Project, the Resilience Building Project to Combat
Food Insecurity in Niger, and the SLM Project). International development programmes
and projects (e.g., World Food Programme and Action Against Hunger) contributed 19%
and 11% of the DLRAs, respectively. In our database, national development programmes
and sub-regional projects have very little involvement in SLM actions.

At the very end of the chain of actors (Figure 9), national development projects (e.g., the
Community Action Project for Climate Resilience and the Emergency Project in Support of
Food Security and Rural Development) were the main contributors to the implementation
of the DLRAs (31%) on the ground (Table S6). In contrast, sub-regional development
projects, international development cooperation agencies, and local authorities contributed
very little to field interventions (merely 1%). The other modalities carried out between 18%
and 19% of the total area of DLRAs.

Figure 9 points out the key role of the State of Niger as a fund mobilizer and an
operator, supporting more than 60% of the effort in the fight against land degradation
in Niger.

4. Discussion
4.1. Traceability and Sharing of DLRA Data in Niger

An effective SLM policy requires a comprehensive and spatially based assessment
of the current situation [26]. Our study revealed the existence of a few non-operational
sectoral DLRA databases [20,27,28]. Most of the available data on DLRA suffer from a lack
of accessibility (most often not organized in a table or database), reliability, and geolocation.
However, the vast majority of data are used by some actors to construct indicator tables,
graphs, or maps [28,29]. However, this use is limited to each of the actors, without sharing
or archiving according to common criteria [20,28,30,31]. Although useful for each of the
actors, this fragmentation of knowledge is not up to the challenges, on a national scale, of
monitoring and evaluating actions and their impacts, avoiding the repetition of what has
already been done, and the necessary coordination of the various actors in their respective
roles. This situation is not an asset for policy making [32,33] or practices to ensure the
proper monitoring and assessment of land degradation in Niger [20,34].

The effective implementation of a geolocalized data table that allows the traceability
of DLRAs is a guarantee of better visibility of actions in the field [35,36] and a better
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evaluation of the use of SLM practices and the sustainability of project effects [37]. Its
value lies in the fact that it can prove valuable in improving knowledge [38], especially if
it is used and interpreted within a scientifically rigorous methodological framework [39].
Such a data table would facilitate communication between partners and stakeholders in
the development of SLM strategies, programmes and projects [40]. These interactions are
also a guarantee of good cooperation between all actors. Their respective actions could be
based on the same body of data [25].

In this perspective, the need to access spatially referenced databases with a common
architecture has been demonstrated [25] according to a harmonized nomenclature. The
choice to build a single data table in this work is based on the absence of such a database.
The collection of available data, which are scattered, of heterogeneous quality, and of
very different natures and formats [41,42], and then formatting and harmonizing them,
was therefore a prerequisite for their processing [43,44]. Based on criteria useful for their
traceability, it was possible to set up a national data table integrating both information
on geolocated DLRAs and information on the network of actors involved. The national
data table, which is probably incomplete, nevertheless has the potential to be a useful
source of information for the formulation of recommendations to decision makers in the
implementation of strategies for capitalizing on and scaling up DLRA.

The method of construction as well as the final structure of this Niger data table could
constitute a replicable model in other countries of the GGW zone. In the future, it can help
the various data providers to adapt their own data tables (structure and nomenclature) to
feed (automatically or not) the national data table more easily. However, ways must be
found to maintain and feed such a spatially referenced data table at the national level in
the long term for the spatiotemporal monitoring and assessment [25,28,29,45] of DLRA.
One way to do this would be to strengthen the skills of the structures that produce these
data so that they can maintain such a database, and then build a central national web
portal (or even a regional one in the context of initiatives such as the GGW). Such a portal
would make it possible to query the data tables distributed in the various structures in
order to generate the national table automatically (in the sense of using the most up-to-date
data). This web portal could also make it possible to visualize the data on maps according
to a standardized graphic semiology, and to navigate through the data according to a
geographical query.

These perspectives raise a number of questions: What is data governance? Which
structures should produce the data along the chain of actors, from donors to the entity
that executes DLRA on the ground? Where to host such a centralized service? What steps
should be taken to ensure that the distributed data tables are compatible with the query on
the central service? How can the membership of data-producing structures be increased?
etc. If each GGW country were to organize such spatially referenced DLRA data systems,
this could help, for example, to feed the regional SIOBAP system (System of Information,
Observation, Early Warning and Response) that the Pan-African GGW Agency (PAGGW)
is setting up.

4.2. DLRA Adapted to the Needs of the Population and Administrative Regions of Niger

The analysis of the results of the geolocated data table revealed a wide diversity of
DLRAs conducted. These results are in line with those of many works carried out in
Sahelian environments [6,46–51]. Indeed, each of these techniques is adapted to a specific
socio-ecological situation. Among this diversity of DLRAs, our results showed that dug-out
structures are the most frequent. These include soil and water conservation and soil defence
and restoration work (SWC/SDR). They are adapted to Sahelian and Sudano-Sahelian
zones [52]. Several studies have shown the effectiveness of these techniques in improving
the productivity of degraded land [53–56]. They are an effective way to better manage
water and reduce land degradation [46], and protect vegetation and biodiversity [49], by
increasing and stabilizing agricultural, forestry, and forage yields [6]. Other work has
also confirmed that these types of excavated structures increase soil moisture and nutrient
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availability [48] and promote crop growth [50,57–59]. These arguments are consistent
with the results of Ado et al. [50], who showed that zaï structures, half-moons, which are
widespread in Niger where they were first used in the Tahoua region, allow for the growth
and development of sorghum crops on land that is initially ridged and uncultivated. These
structures make it possible to increase agricultural production [60] and improve the food
security of the population [61–63].

Our results showed that geolocated DLRAs spatially occupy more than the southern
half of Niger, corresponding to the agrosylvopastoral production zones [64]. They confirm
the widely supported conclusions that the areas of SLM intervention in Niger are located
on the part of the continent formed by ancient, strongly granitized, and metamorphosed
terrains [65].

4.3. Diversity of the Network of Actors and Importance of Official Development Assistance in the
Implementation of DLRAs in Niger

Funding sources are most often mobilized through multilateral and bilateral mech-
anisms involving technical and financial partners (TFPs) and NGOs [66]. Moreover, it
is not uncommon for technical and financial partners to implement their projects and
programmes through their own structures and using their own expertise [67].

Our analysis in Niger sheds particular light on the diversity of actors with specific
roles. Some of them, such as the State of Niger, play several roles: as a funder, fundraiser,
implementing agency, and executor through its own programmes. The State of Niger com-
plements its reduced capacity to finance from its own funds by a very strong mobilization
of funds from donors [27,31,67].

Our results also showed that local governments play an important role in SLM in
Niger. This is due to the fact that they mobilize a lot of additional funding through twinning
with other communes in developed countries or through decentralized cooperation [68–71].
These additional resources for SLM are implemented through medium- and long-term
projects. They also make co-financing contributions, often quite substantial, for SLM
actions carried out by development projects or by NGOs. Local authorities, in particular
communes, provide additional funding by including in their communal development plans
and annual investment plans the financing of actions to combat land degradation [67].

Given certain administrative difficulties, many donors have chosen to work directly
and exclusively with NGOs and associations. The size of the envelope devoted to SLM
work, coupled with this change in policy, has encouraged the emergence of NGOs involved
in SLM. Indeed, most of them, especially national ones, mobilize and execute contracts and
agreements with national projects and programmes. They constitute a substantial funding
force for SLM, as they are able to mobilize and implement funds that other actors do not or
no longer have access to. Within the framework of the “do-it-yourself” approach, several
funding options exist and are within the reach of local NGOs. In many cases, they lobby
and advocate to mobilize funds other than those of national projects and programmes
and intervene in the form of real implementing agencies [67,72]. They themselves call on
internal expertise and implement many externally funded projects that are not included in
the government’s investment budget [66]. Additionally, several NGOs and associations are
involved in promoting proven SLM practices. On the ground, NGOs are present, especially
in food-insecure areas, as they benefit from significant resource allocations [25].

5. Conclusions

Reducing and slowing down land degradation, and rehabilitating or restoring
degraded land are key levers in achieving sustainable development for the benefit of
populations—particularly those whose livelihood relies on ecosystem services. Combatting
land desertification has been declared a national priority in the Niger, echoing target 15.3
of the SDGs. Based on a collection of public data held by different entities, we have built a
unique database consisting only of georeferenced data, containing all the information not
only on DLRA, but also on the actors and their roles as donors, fund mobilizers, operators,
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and implementers. This is a clear choice based on the objective of our work. We are aware
that not all field actions are itemized. However, our work demonstrates the added value of
creating such a georeferenced database management system in order to (i) deploy targeted
sustainable land management initiatives that complement both past and ongoing actions
(thus avoiding multiple actions in the same place) and (ii) synergize all the stakeholders.
Nevertheless, the task of identifying, harmonizing/standardizing, and geolocalizing DL-
RAs on a country-wide scale is considerable. The work in the Niger is unfinished but offers
a roadmap towards consolidating these achievements and ensuring their transferability to
other countries. The creation and continuous feeding of a database management system
must also be undertaken. To this end, raising awareness and mobilizing all stakeholders to
contribute collaboratively to such a common dataset represents a major challenge.

However, the efforts involved in such an undertaking are small compared to the bene-
fits of acquiring such a database. It will help in assessing and monitoring the contribution of
DLRAs to the SDGs, and thus give value and visibility to the role of each stakeholder. The
establishment of scientific observatories anchored in the territories can meet this ambition.

Supplementary Materials: The following supporting information can be downloaded at: https://
www.mdpi.com/article/10.3390/land12051064/s1.
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J. Urban Technol. 2016, 23, 29–46. [CrossRef]

33. Ndjounguep, J. Participatory mapping, a tool for land governance. Afr. J. Land Policy Geospat. Sci. 2019, 2, 52–72.
34. Jangorzo, S.N.; Garba, A.Y.; Sitou, G.S.; Boukari, M.; Sadda, A.-S.; Diouf, A. Economic Assessment of Sustainable Land

Management Practices in Maradi, Niger: Assisted Natural Regeneration, Half Moons and Tassa/Zai. In An ELD Report as Part
of the “Reversing Land Degradation in Africa through Large-Scale Adoption of Agroforestry” Project; ELD-Initiative: Bonn, Germany,
2019; 56p.

35. Diop, F.; Touré, L. Contribution of the Geographical Information System (GIS) in the reading of the problem of women’s access to
rural land in Senegal: The case of the rural communities of KeurMomarSarr, Medina Ndiathbé (Valley and pastoral sylvo zone),
Diender (Niayes), Bandafassi (Eastern Senegal), Diendé (Casamance). Rev. De Géographie Du Lab. Leïdi 2012, 10, 345–361.

36. GIZ. Participatory Mapping As A Technical Solution For Participatory Management of Natural Resources: Description of the Approach;
GIZ: Bonn, Germany, 2017; 5p.

37. AFD. NIGER— Support for the Capitalization of Sustainable Land Management Practices in Niger (CAPGDT). In Progress Report:
Annex 2-Task 1.2: Review of Existing Databases and GIS at CNESS and DGEF-Task 1.3: Building a Consolidated Database and GIS of
Restored Sites; MESUDD: Niamey, Niger, 2020; 38p.

38. Turner, K.G.; Anderson, S.; Gonzalez-Chang, M.; Costanza, R.; Courville, S.; Dalgaard, T.; Dominati, E.; Kubiszewski, I.; Ogilvy, S.;
Porfirio, L.; et al. A review of methods, data, and models to assess changes in the value of ecosystem services from land degradation
and restoration. Ecol. Model. 2016, 319, 190–207. [CrossRef]

39. Thomas, R.J.; Quilleron, E.; Stewart, N. The RewDLRA of Investing in Sustainable Land Management; Interim Report for the Economics
of Land Degradation Initiative: A Global Strategy for Sustainable Land Managemen; Economics of Land Degradation (ELD) Initiative:
Bonn, Germany, 2013.

40. Mechiche-Alami, A.; O’Byrne, D.; Tengberg, A.; Olsson, L. Evaluating the scaling potential of sustainable land management
projects in the Sahelian Great Green Wall countries. Environ. Res. Lett. 2022, 17, 084016. [CrossRef]

41. Arrouays, D.; Bardy, M.; Munier-Jolain, N.G.; Gaunand, A.; Colinet, L.; Ea, D. Soil Information System of France. Rapp. Tech.
Auto-Saisine. 2014, 14. Available online: https://hal.science/hal-01603434 (accessed on 7 March 2023).

42. Sirima, A.B.; Kambire, G. Contribution of Geographical Information Systems (GIS) in participatory land-use management: The
case of the municipality of Banfora. Akofena 2021, 1, 259–266.

43. Van den Broeck, J.; Cunningham, S.A.; Eeckels, R.; Herbst, K. Data cleaning: Detecting, diagnosing, and editing data abnormalities.
PLoS Med. 2005, 2, e267. [CrossRef] [PubMed]

44. Chu, X.; Ilyas, I.F.; Krishnan, S.; Wang, J. Data Cleaning: Overview and Emerging Challenges. In Proceedings of the 2016
International Conference on Management of Data—SIGMOD ’16, San Francisco, CA, USA, 26 June–1 July 2016; ACM Press: New
York, NY, USA, 2016; pp. 2201–2206.

45. GEF. Tackling Land Degradation in Economic Activity Areas: Lessons Learned from GEF Integrated Approaches Projects; GEF: Washington,
DC, USA, 2014.

46. Bouzou, M.I.; Dan Lamso, N. The « tassa », a soil and water conservation technique well adapted to the physical and socio-
economic conditions of the glacis of semi-arid regions (Niger). Rev. Géogr. Alp. 2004, 92, 61–70. [CrossRef]

47. Ambouta, J.M.K.; Bouzou, M.I. Experiments for recovering degraded Sahelian soils by incorporating variable doses of manure
and a fertilizing water retainer. Sécheresse 2004, 15, 49–55.

48. Moussa, B.M.; Diouf, A.; Abdourahamane, S.I.; Axelsen, J.A.; Ambouta, J.M.k.; Mahamane, A. Combined Traditional Water
Harvesting (Zai) and Mulching Techniques Increase Available Soil Phosphorus Content and Millet Yield. J. Agric. Sci. 2016,
8, 126–139. [CrossRef]

49. Ousmane, L.M.; Abdou, A.; Dan Guimbo, I.; Abdou Harouna, R.; Ali, M. Impacts of terraces in the degraded land reclamation in
Niger. J. Appl. Biosci. 2020, 151, 15510–15529. [CrossRef]

50. Ado, M.N.; Moussa, M.S.; Ambouta, H.K. Effects of Multifunctional Half-Moons on Production of Sorgho in West Africa: The
Case Study of Tahoua Region in Niger. ESJ 2021, 17, 112–125.

51. Abdou, A.; Saley, K.; Ali, M.; Aboubacar, I. Impacts of A Degraded Land Restoration Technique On The Survival And Growth of
Four Plants Combretaceae Species In The Sahelian Zone of Niger. ESJ 2021, 17, 134–157. [CrossRef]

52. Vlaar, J.C.J.; Water and soil conservation techniques in the Sahel countries. Ouagadougou, Burkina Faso: Inter-African Committee;
Hydraulic Studiess (CIEH). 1992. 115p. Available online: https://www.ircwash.org/sites/default/files/276-92TE-11865.pdf
(accessed on 7 March 2023).

53. Biazin, B.; Sterk, G.; Temesgen, M.; Abdulkedir, A.; Stroosnijder, L. Rainwater harvesting and management in rainfed agricultural
systems in sub-Saharan Africa—A review. Phys. Chem. Earth Parts A/B/C 2012, 47–48, 139–151. [CrossRef]

54. Zougmoré, R.; Jalloh, A.; Tioro, A. Climate-smart soil water and nutrient management options in semiarid West Africa: A review
of evidence and analysis of stone bunds and zaï techniques. Agric. Food Secur. 2014, 3, 2–8. [CrossRef]

55. Yosef, B.A.; Asmamaw, D. Rainwater harvesting: An option for dry land agriculture in arid and semi-arid Ethiopia. Int. J. Water
Res. Environ. Eng. 2015, 7, 17–28.

56. Roose, É. (Ed.) Chapter 2. Influences of Climate and Vegetable Cover on Nutrient Losses by Erosion and Drainage in West Africa.
In Restoring Productivity of Tropical and Mediterranean Soils: Contribution to Agroecology; IRD Editions: Marseille, France, 2017;
pp. 41–51.

https://doi.org/10.1080/10630732.2015.1102420
https://doi.org/10.1016/j.ecolmodel.2015.07.017
https://doi.org/10.1088/1748-9326/ac8111
https://hal.science/hal-01603434
https://doi.org/10.1371/journal.pmed.0020267
https://www.ncbi.nlm.nih.gov/pubmed/16138788
https://doi.org/10.3406/rga.2004.2278
https://doi.org/10.5539/jas.v8n4p126
https://doi.org/10.35759/JABs.151.1
https://doi.org/10.19044/esj.2021.v17n43p134
https://www.ircwash.org/sites/default/files/276-92TE-11865.pdf
https://doi.org/10.1016/j.pce.2011.08.015
https://doi.org/10.1186/2048-7010-3-16


Land 2023, 12, 1064 17 of 17

57. Wildemeersch, S.; Goderniaux, P.; Orban, P.H.; Brouyère, S.; Dassargues, A. Assessing the effects of spatial discretization on
large-scale flow model performance and prediction uncertainty. J. Hydrol. 2014, 510, 10–25. [CrossRef]

58. Ding, W.; Wang, F.; Dong, Y.; Jin, K.; Cong, C.; Han, J.; Ge, W. Effects of rainwater harvesting system on soil moisture in rain-fed
orchards on the Chinese Loess Plateau. Agric. Water Manag. 2021, 243, 106496. [CrossRef]

59. Tadros, M.J.; Al-Mefleh, N.K.; Othman, Y.A.; Al-Assaf, A. Water harvesting techniques for improving soil water content, and
morpho-physiology of pistachio trees under rainfed conditions. Agric. Water Manag. 2021, 243, 106464. [CrossRef]

60. Roose, É.; Sabir, M.; Laouina, A. Sustainable Water and Soil Management in Morocco: Valorization of Traditional Mediterranean
Techniques; IRD Editions: Marseille, France, 2010; 343p.

61. Nyamekye, C.; Thiel, M.; Schönbrodt-Stitt, S.; Zoungrana, B.J.B.; Amekudzi, L.K. Soil and water conservation in Burkina Faso,
West Africa. Sustainability 2018, 10, 3182. [CrossRef]

62. Kokerai, L.K.; Kugedera, A.T. Review: Role of In situ Rainwater Harvesting and Integrated Soil Fertility Management on Small
Grain Productivity. Int. J. Agric. Agribus. 2019, 2, 249–259.

63. Coulibaly, K.; Baggnian, I.; Zakou, A.; Nacro, H.B. Farmers’ Perception of Water and Soil Conservation and Soil Defense and
Restoration (WSC/SDR) Techniques in West Africa. ESJ 2022, 18, 121–141. [CrossRef]

64. Abdoul, H.Z.; Boubacar, M.K.; Adam, T. The agricultural production system in Niger face climate change: Challenges and
opportunities. Int.J. Biol. Chem Sci. 2016, 10, 1262–1272. [CrossRef]

65. OSS. Exploitation and conditions of natural resources in Niger. Agricultural Techniques, Faculty of Agronomy, Abdou Moumouni
University of Niamey. Rapp. Tech. 2000, 76p. Available online: https://www.yumpu.com/fr/document/read/16971220
/exploitations-et-etat-des-ressources-naturelles-au-niger-case-cnr (accessed on 18 March 2023).

66. Gichuki, L.; Brouwer, R.; Davies, J.; Vidal, A.; Kuzee, M.; Magero, C.; Walter, S.; Lara, P.; Oragbade, C.; Gilbey, B. Rehabilitation
of the Lands and Restoration of Landscapes. In Policy Convergence Between Forest Landscape Restoration and Land Degradation
Neutrality; UICN: Gland, Suisse, 2019.

67. MESUDD. Revue du Financement de La Gestion Durable des Terres et des Eaux et de Mise en Œuvre du Cadre stratégique sur La Gestion
Durable des Terres (CS-GDT) au Niger et Son Plan D’investissement 2015–2029; MESUDD: Niamey, Niger, 2017; 82p.

68. Jérôme, M.; Eric, I. Decentralization in West Africa: A revolution in local governance ? EchoGéo 2010, 13, 1–14.
69. ESF. Decentralization and financing of local and regional authorities in sub-Saharan Africa. Report of the Working Group on

Savings Without Borders. Tech. Financ. Dev. 2013, 112, 19–60.
70. Husson, B. A mechanism for the credibility of decentralized authorities: The support funds for local and regional authorities.

Tech. Financ. Dev. 2013, 112, 61–79.
71. Nyirakamana, C. Decentralization in Niger: The case of the mobilization of financial resources in the city of Niamey. 2015.

Available online: https://papyrus.bib.umontreal.ca/xmlui/handle/1866/11992 (accessed on 18 March 2023).
72. Patel, S.; Steele, P.; Kelly, L.; Adam, J.P. Innovative Financing for Africa Harnessing Debt for Climate and Nature; United Nations,

Economic Commission for Africa: Addis Ababa, Ethiopia, 2021; 48p, Available online: https://repository.uneca.org/handle/10
855/46518 (accessed on 18 March 2023).

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.jhydrol.2013.12.020
https://doi.org/10.1016/j.agwat.2020.106496
https://doi.org/10.1016/j.agwat.2020.106464
https://doi.org/10.3390/su10093182
https://doi.org/10.19044/esj.2022.v18n27p121
https://doi.org/10.4314/ijbcs.v10i3.28
https://www.yumpu.com/fr/document/read/16971220/exploitations-et-etat-des-ressources-naturelles-au-niger-case-cnr
https://www.yumpu.com/fr/document/read/16971220/exploitations-et-etat-des-ressources-naturelles-au-niger-case-cnr
https://papyrus.bib.umontreal.ca/xmlui/handle/1866/11992
https://repository.uneca.org/handle/10855/46518
https://repository.uneca.org/handle/10855/46518

	Introduction 
	Methodological Approaches 
	Data Collection on SLM Actions and Construction of a Spatially Referenced Data Table, Viewable in GIS, for the Traceability of Degraded Land Reclamation Actions (DLRA) 
	Data Analysis 

	Results 
	Data Table: Keys to Identifying and Harmonizing the Nomenclature of DLRA in Niger 
	Dugouts at the Heart of Degraded Land Treatment in Niger 
	DLRAs Are Unevenly Distributed in Niger 
	Analysis by Administrative Region of the Spatial Distribution of DLRAs 
	Type Analysis of the Spatial Distribution of DLRA 

	Mapping the Actors’ Role: The State of Niger, a Key Player in the Fight against Land Degradation in Niger 

	Discussion 
	Traceability and Sharing of DLRA Data in Niger 
	DLRA Adapted to the Needs of the Population and Administrative Regions of Niger 
	Diversity of the Network of Actors and Importance of Official Development Assistance in the Implementation of DLRAs in Niger 

	Conclusions 
	References

