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A B S T R A C T

Arid and Semi-Arid Lands (ASALs) in Africa, covering 66 % of the continent and are home to around 200 million 
people, face significant water scarcity challenges due to harsh climatic conditions. This systematic review as
sesses the effectiveness, socio-economic impacts, and implementation challenges of Nature-based Solutions (NbS) 
for water resource management in these regions. Analysing 9906 research articles narrowed to 143 studies, the 
review identified critical NbS interventions, including water conservation, soil moisture and conservation, water 
harvesting, conservation agriculture, agroforestry, and afforestation. The studies focused on biophysical aspects 
(31 %), socio-economic issues (39 %), or both (30 %), with an emphasis on water quantity (96 %) over quality (3 
%). These interventions’ direct (43 %) and indirect (55 %) impacts were examined. Findings show that 52 % of 
the studies meet all effectiveness criteria: socio-economic benefits, sustainable resource use, resource enhance
ment and conservation, and infrastructure sustainability. Stakeholder engagement in co-designing NbS signifi
cantly enhances their effectiveness and the integration of indigenous knowledge. Geographic distribution 
highlights concentrated research in eastern, southern, and western Africa, particularly in Ethiopia, Kenya, and 
South Africa, with underrepresentation in northern and central regions. The review identifies gaps in water 
quality interventions and calls for more comprehensive approaches. The review highlights NbS’ potential to 
improve water availability, ecosystem resilience, and socio-economic development in ASALs. However, chal
lenges such as limited stakeholder involvement, inadequate integration of indigenous knowledge, and regional 
research disparities need addressing. The study recommends prioritising the participation of local communities 
and stakeholders from the planning stages to implementation to enhance the effectiveness and sustainability of 
future NbS projects.

1. Introduction

Arid and Semi-Arid Lands (ASALs) are prevalent across Africa, 
encompassing ecosystems ranging from the Sahelian grasslands to the 
savannahs of East and Southern Africa. While ASALs cover about 40 % of 
the earth’s surface and are inhabited by approximately 20 % of the 
world’s population, they cover 66 % of Africa’s total land area. They are 
home to approximately 200 million people [1,2]. These landscapes are 
defined by their harsh climate, infrequent and unpredictable rainfall, 

high evapotranspiration rates, and extended dry seasons [3–5]. The 
environmental conditions of these regions shape the physical landscape 
and greatly influence the biodiversity they support. Despite these harsh 
climatic conditions, ASALs are home to high species biodiversity. These 
ASALs receive limited amounts of precipitation that exhibit significant 
variability in both spatial and temporal distribution [6–9]. As a result, 
runoff and drainage systems that delineate the arid or semi-arid zones 
are inhabited by biota uniquely adapted to survive under water stress 
[10–12]. For example, plants such as baobabs, acacias, and various 
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succulents have evolved deep root systems and water storage capacities 
alongside other adaptations like small, waxy leaves to minimise water 
loss [13–15]. Similarly, the fauna, for example, the Addax antelope and 
the African wild dog, have developed behavioural and physiological 
traits enabling them to thrive under water-limited and high-temperature 
conditions [16–20].

This unique biodiversity is not only restricted to terrestrial species 
but extends to aquatic biota in the ephemeral water bodies and inter
mittent rivers of these drylands [21]. These environments support 
complex ecosystems where water flows can be perennial or intermittent, 
creating significant environmental filters that challenge aquatic life. The 
remnant water bodies of dryland rivers serve as critical refuges for 
aquatic biota, sustaining species adapted to survive under intense water 
stress [22–24]. However, terrestrial and aquatic biodiversity in these 
arid and semi-arid regions is severely threatened due to over
exploitation, habitat fragmentation, and the broader impacts of climate 
change, such as altered temperature and precipitation patterns. Ac
cording to the most recent Living Planet Report by the World Wildlife 
Fund (WWF) [25], the abundance of monitored freshwater vertebrate 
species has declined by 83 % since 1970. This is the most significant 
decrease in the three primary domains of land, seas, and freshwater, 
underlining the disproportionate threat to freshwater biodiversity and 
giving rise to the need to address this declining biodiversity. Further, the 
IPCC’s Fifth Assessment Report [26] highlights that agricultural systems 
in Africa’s ASALs are increasingly vulnerable due to the combined ef
fects of climate change and non-climatic stressors such as land degra
dation, poor soil health and ineffective agricultural practices. This 
increased vulnerability threatens agricultural production, directly 
impacting the livelihoods of rural communities, predominantly sup
ported by smallholder farmers with limited resources and adaptive ca
pacity [27–29]. Various ASALs have already been recognised as 
threatened biodiversity hotspots due to these multiple stressors, 
including human-induced changes, which contribute to the decline of 
species populations [30–32]. Addressing these challenges is crucial and 
requires conservation efforts informed by global sustainability goals like 
SDG 15, which promotes the sustainable use of terrestrial ecosystems 
and aims to halt biodiversity loss through strategic habitat conservation 
and sustainable management practices [33–36].

Water scarcity in ASALs is a common and critical challenge that 
extends its impact beyond mere ecological disruptions to profound so
cietal ramifications [37,38] because the freshwater available is often 
insufficient to meet human and environmental needs. This water scar
city affects every aspect of life, from agriculture and food production to 
basic human necessities [39]. Chronic drought conditions exacerbate 
these challenges as water sources become increasingly stressed or 
depleted [40,41]. For example, the predominant reliance on rain-fed 
agriculture in ASALs makes these systems especially susceptible to 
fluctuations in water availability, often resulting in crop failures, loss of 
livestock, and a severe reduction in food security [42]. Such agricultural 
vulnerabilities exacerbate malnutrition and deepen poverty, making 
sustainable water resource management a critical priority. Crop failures 
become more frequent due to inadequate irrigation, reducing food se
curity and increasing prices, particularly affecting the most vulnerable 
populations [39,43,44]. The competition for the limited water resources 
available in ASALs often leads to social and economic tensions. Com
munities and sectors, such as agriculture, industry, and domestic use, 
compete to access this scarce resource, sometimes resulting in conflict 
further exacerbated by the abstraction and diversion of waterways 
[45–47]. Moreover, water quality in these regions can deteriorate due to 
the overuse and contamination of dwindling sources [48–50], posing 
significant health risks as populations rely on these compromised water 
sources for drinking, cooking, and sanitation [51]. This makes the need 
for effective water management strategies very critical, which involve 
both local adaptations and broader policy implementations to be 
effective. Such strategies must include enhancing water use efficiency in 
agriculture, investing in technology for water reclamation, and 

implementing strict regulations on water pollution to ensure that the 
available water can meet the needs of both people and the ecosystems. 
Sustainable management of water resources, as advocated by SDG 6, is 
therefore crucial, encompassing modern practices and traditional water 
conservation techniques [52–54].

Nature-based Solutions (NbS) are increasingly recognised for their 
multifaceted potential to bolster ecosystem services while addressing 
critical socio-economic challenges. NbS are strategies and actions that 
leverage natural processes and ecosystems to address various environ
mental, social, and economic challenges. By working with and 
enhancing nature, these solutions benefit biodiversity, human well- 
being, and sustainable development [55]. These strategies involve the 
protection, restoration and sustainable management of ecosystems to 
mitigate the impacts of water scarcity, both directly and indirectly. For 
instance, planting trees is more than a conservation effort; it stabilises 
the soil, enhances water infiltration, boosts groundwater recharge, and 
reduces surface runoff [56,57]. Such efforts are pivotal for climate 
regulation and providing vital habitats for local wildlife, thereby sup
porting biodiversity. Moreover, NbS extends to agricultural practices 
through agroforestry, contour ploughing, cover cropping, etc. These 
methods improve soil health, augment water retention, and increase 
agricultural productivity. Such enhancements are crucial for sustaining 
the land, the biodiversity and the people who rely on it for their liveli
hoods [58–63].

Conventional water management approaches in ASALs have been 
primarily based on engineering solutions, such as dams, boreholes, and 
canals [64,65]. However, these solutions are often expensive, environ
mentally damaging, energy-intensive and unsustainable for many 
communities [66–68]. NbS can provide an alternative to traditional grey 
infrastructure as they are often low-cost, sustainable, and effective. NbS 
are particularly relevant for water resource management in ASALs due 
to their potential for dual benefits, including providing or safeguarding 
ecosystem services such as water regulation, purification, and storage, 
which enhance water availability and quality while supporting biodi
versity and ecosystem services [55,69]. Additionally, interventions such 
as the restoration of wetlands serve as a critical component of NbS, 
vastly improving water purification, buffering against flooding, and 
aiding in groundwater recharge, all of which are especially vital in 
ASALs where water scarcity is a prominent challenge [69–71]. In this 
way, NbS can also improve the resilience of ecosystems and commu
nities to climate change and extreme weather events. These solutions are 
often more cost-effective and adaptable to local contexts than conven
tional water management approaches [72]. The implementation of NbS 
is closely aligned with international environmental directives, notably 
the United Nations Convention to Combat Desertification (UNCCD), 
which promotes sustainable land management to combat desertification 
[73–75]. The support for these projects often comes from global initia
tives and funding mechanisms, such as the Global Environment Facility 
(GEF), which ensure that local efforts are effective but also scalable and 
sustainable. This external support indicates the global recognition of 
integrating NbS into broader environmental and development 
strategies.

This nuanced NbS approach highlights the complex interplay be
tween the ecological characteristics of ASALs, the pressing challenges 
posed by water scarcity, and the transformative potential of NbS to 
foster sustainable and resilient ecosystems. By marrying global envi
ronmental goals with local conservation and management practices, 
stakeholders can significantly enhance the sustainability of these 
vulnerable landscapes. This integrated strategy is crucial for effectively 
managing ASALs and promoting a balanced coexistence between human 
needs and environmental conservation [55]. It encourages water 
resource management and aquatic biodiversity conservation [76]. Such 
efforts contribute significantly to global biodiversity, enhance climate 
resilience (enabling us to meet our Global Biodiversity Framework 
(GBF) goals and climate goals outlined in the Paris Agreement), and 
improve human well-being, embodying a holistic approach to 
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environmental and societal challenges.
Despite the growing interest in NbS, there is a need for a compre

hensive systematic review of existing interventions for water manage
ment, particularly in the unique context of Africa’s ASALs. Such a review 
is crucial to understanding these interventions’ biophysical and socio- 
economic impacts while exploring their effectiveness and scalability. It 
can also provide valuable insights into the challenges faced in imple
menting NbS and identify areas for future research and policy devel
opment. This systematic review aims to synthesise existing literature on 
NbS for water resource management in Africa’s ASALs. It evaluates the 
effectiveness of these interventions in improving water availability, 
quality, and sustainable use and analyses the socio-economic impacts of 
NbS on local communities in ASALs. Finally, it identifies challenges and 
gaps in current NbS practices and suggests areas for future research and 
policy development.

2. Methodology

2.1. Search Criteria

This systematic literature review utilised Web of Science, Scopus, 
and Dimensions as the primary databases due to their comprehensive 
coverage of scholarly articles across various disciplines. The search 
strategy involved defining a set of keywords and search queries tailored 
to the research topic. The initial search was conducted across the 
selected databases using predefined search queries (Table 1). These 
queries were designed to be broad enough to capture a wide range of 
relevant studies but specific enough to ensure relevance. No particular 
timeframe for publication dates was established because, although NbS 
is a relatively new term (first coined in 2009), many activities and in
terventions associated with the concept have been carried out for longer 
than it has existed. All search results were recorded and compiled. Ar
ticles were filtered using the PRISMA (Preferred Reporting Items for 
Systematic Reviews and Meta-Analyses) strategy [77]. PRISMA is a 
strategy designed to help authors enhance their reporting of systematic 
reviews and meta-analyses. The PRISMA flow diagram illustrates the 
flow of information through the various phases of a systematic review. It 
details the number of records identified, included, and excluded and the 
reasons for exclusion. All recorded search results were sorted in Rayyan 
AI [78] based on the screening process described below.

2.2. Screening process

This study followed a pre-defined screening process to ensure the 
selection of relevant, high-quality studies to answer the research ques
tion. This systematic and rigorous screening process is essential to 
minimise bias and ensure that the review accurately reflects the avail
able evidence related to the research question. Before the screening 
began, explicit inclusion and exclusion criteria were established (high
lighted in the section below). Screening of articles was done in three 

steps: The first level of screening involved reviewing the titles and ab
stracts of identified articles. At this stage, articles that did not meet the 
inclusion criteria were excluded. At least two reviewers did this step 
independently to minimise bias and errors. Articles that passed the 
initial screening were then subjected to a full-text review. In this stage, 
reviewers read the complete articles to determine if they fully complied 
with the inclusion criteria. Reasons for the exclusion of articles at this 
stage were documented for transparency. The articles that met all the 
inclusion criteria underwent a quality assessment, which involved 
evaluating the methodological rigour in each study. Data was then 
extracted from articles that passed the quality assessment. This included 
categories of interventions, areas of focus (biophysical vs socioeco
nomic, type of study (qualitative vs quantitative), efficiency and sus
tainability of interventions, and impacts and outcomes. Data extraction 
was done using a standardised form in Excel to ensure consistency. Any 
discrepancies between reviewers are resolved throughout the screening 
process through discussion or consultation with a third reviewer. This 
consensus approach ensured objectivity and reliability in the screening 
process. The final set of articles that passed through all the screening 
stages formed the basis of the systematic review. The screening process 
was thoroughly documented, including the number of articles screened 
at each stage and the reasons for exclusion. This was represented in a 
PRISMA flow diagram, which provided a transparent and systematic 
presentation of the screening process (Fig. 1).

2.3. Inclusion and exclusion criteria

To be considered for inclusion in the review, papers were required to 
adhere to several specific criteria. Each study needed to focus 
geographically on Africa’s ASALs, with studies concerning other regions 
automatically excluded. The subject had to address nature-based solu
tions for managing water resources, encompassing water conservation, 
sustainable water use, natural water purification, flood management, 
and drought resilience. Only studies describing specific interventions or 
practices were included, excluding conceptual (and model-based) pa
pers that did not focus on practical interventions. A preference was 
shown for empirical research, including case studies, comparative ana
lyses, longitudinal studies, and intervention evaluations, while purely 
theoretical papers, review articles, or opinion pieces were excluded. 
Eligible publications included peer-reviewed scientific articles and 
conference proceedings, excluding unpublished theses, non-peer- 
reviewed articles, personal blogs and other grey literature. Addition
ally, only studies published in English were considered unless an English 
translation was available.

Any studies not focusing on ASALs, those concentrating solely on 
technological or infrastructural solutions without a nature-based 
component, or general studies on water management in Africa without 
specific relevance to ASALs or nature-based solutions were excluded. 
Non-empirical studies, such as theoretical discussions, opinion pieces, 
and reviews that did not present new empirical data or analysis, were 
also excluded. Lastly, non-peer-reviewed sources, including grey liter
ature, unpublished theses, and personal blogs that hadn’t undergone 
rigorous peer review, were not considered.

2.4. Effectiveness criteria

The study evaluated the effectiveness and sustainability of NbS for 
water resource management, using criteria adapted from [79] and 
aligned with the IUCN Global Standard. The effectiveness of NbS was 
assessed based on their support for ecological integrity, socio-economic 
enhancement, and project sustainability. The criteria included:

1. Criterion 1. Socio-economic aspects and impacts on growth, resilience, 
stability, public health, safety, and well-being: The criterion examined 
NbS impacts on economic growth, resilience, community stability, 
public health, and safety. It assessed how NbS contribute to 

Table 1 
Summary of predefined search queries and keywords used in the three databases 
to capture the relevant studies.

Ecosystem/ Focal 
Area

“Arid and Semi-Arid Lands” OR “Semi-desert” OR “Desert” OR 
“Dry savannah” AND “Africa” OR “Every African Country 
Name”

Challenge 
addressed

“freshwater” OR “water resources” OR “groundwater” OR 
“surface water” OR “water basin” OR “watershed” OR 
“catchment area” AND “water security” OR “water scarcity”, 
“water balance”, “water availability”,

Nature-based 
Approach

“Nature-based solutions” OR “ecological restoration” OR 
“ecological engineering” OR “landscape restoration” OR “green 
infrastructure” OR “natural infrastructure” OR “ecosystem- 
based” OR “climate adaptation” OR “area-based conservation” 
OR “nature-based” OR “rehabilitation” OR “ecological 
resilience” OR “risk reduction”
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sustainable development goals, including poverty reduction and 
enhanced community resilience to water-related challenges like 
droughts and floods. The criterion also considered improvements in 
water quality and safety from water-related disasters.

2. Criterion 2. The sustainable use of natural and environmental resources 
for NbS is fundamental: This criterion focuses on the efficiency of NbS 
in using water and other ecological resources. It evaluated whether 
NbS provide eco-efficient water management that minimises waste 
and optimises water usage across sectors through innovative ap
proaches like rainwater harvesting and wetland restoration.

3. Criterion 3. Enhancement and conservation of natural and environ
mental resources and improving their carrying capacity: The extent 
to which NbS enhances and conserves natural environments crucial 
for water management was assessed. This included the role of forests, 
wetlands, and rivers in regulating water cycles and purifying water, 
supporting biodiversity, and providing clean water sources for 
human use.

4. Criterion 4. Flexibility and sustainability of infrastructure works, 
management opportunities for multifunctional use, and opportu
nities to adapt to changing circumstances: The flexibility and sus
tainability of NbS infrastructure were evaluated in terms of 
adaptability to environmental and socio-economic changes, 
including climate variability. The criterion also considered the 
multifunctional benefits of NbS, such as enhancing urban landscapes 
while managing stormwater.

These criteria ensured that NbS addresses immediate water man
agement needs and supports broader environmental and social sus
tainability goals.

2.5. Data synthesis and analysis

The descriptive analysis in the systematic review was conducted by 
summarising and synthesising the extracted data from selected articles 
to understand the trends, themes clearly, and overall findings relevant to 
the research question. Initially, the data were organised into meaningful 
categories such as study characteristics, intervention details, outcomes 
measured, and critical findings, aiding in identifying patterns and trends 

across studies. The organised data were then presented in tables or 
figures to facilitate easy comparison and highlight important data 
points, such as the types of interventions used. A narrative synthesis was 
written to describe the context and results of the included studies, 
explaining how the findings related to the broader research question and 
discussing any consistent or divergent trends observed among the 
studies. Furthermore, findings were compared with existing literature or 
theoretical frameworks to assess alignment or contradictions, providing 
insights into areas needing further research or potential biases.

Frequency counts and percentages for each level/category sum
marised categorical variables. A graphical presentation was also 
included to visualise the data. The Chi-square test of independence was 
used to determine whether there was an association between any two 
categorical variables. This test was used because it is an excellent sta
tistical test to determine if the difference between the observed and 
expected data is due to pure chance or if an association exists between 
the categorical variables. It is very versatile in handling categorical 
variables with two or more categories. Fisher’s exact test was used 
instead of the Chi-square test when the expected values were small. The 
Fisher’s exact test performs better than the Chi-square, where the sam
ple size is small because the deviation from the null hypothesis is 
calculated exactly rather than relying on an approximation method. 
Cramer’s V test was used to determine the strength of the association in 
cases where the Chi-square or Fisher’s exact test showed an association 
between two variables. It indicates how strong or weak the association 
between categorical variables is. The Cramer’s V values range from 0 to 
1, where 0 indicates no association, and 1 indicates a perfect association 
between the categorical variables. Logistic regression was used to esti
mate the probability of meeting the effectiveness criteria based on the 
independent variables that showed association from the Chi-square/ 
Fisher’s exact test. Logistic regression was also used to determine the 
effect of co-designing the NbS with stakeholders on incorporating 
indigenous knowledge. The logistic regression/modelling technique 
enables one to predict the probability of an event occurring based on 
predictor variable (s). It provides both a measure of quantifying the 
association between the dependent and independent variables, that is, 
the coefficient size and the direction of the association, whether nega
tive or positive. R Version 4.4.0 was used for the analysis because R is 

Fig. 1. A PRISMA flow diagram representing the systematic presentation of the article selection process.
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open-source and facilitates good scientific practices by supporting the 
reproducibility of the results.

3. Results and discussion

A total of 9906 papers (N) were first found through an initial search, 
using basic information such as the title, abstract, and authors. Subse
quently, the papers underwent an initial screening process, wherein the 
titles and abstracts of the initial 9906 papers were reviewed. This 
screening aimed to eliminate articles that were unrelated to the study 
subject. Papers that satisfied the inclusion criteria or necessitated 
additional assessment were kept. Following this stage, 526 articles met 
the criteria for further evaluation. However, only 180 articles focused on 
NbS interventions. These articles underwent a second screening and 
were meticulously scrutinised in their entirety. The screening process 
was more stringent and concentrated on assessing the content based on 
the specific inclusion criteria. Subsequently, the remaining articles un
derwent quality assessment. Upon conclusion of the process, 143 articles 
satisfied all the inclusion criteria and were chosen for the final evalua
tion (Fig. 2). This is relatively low compared to many NGOs working on 
conservation across Africa. This could be attributed to most African 
conservation projects not reporting their findings in academic journals 
[80].

3.1. Data extraction and analysis

The data extraction and organisation were done after meticulously 
reading through the 143 selected articles for the study. Each article’s 
content was systematically dissected, with relevant information cat
egorised into distinct variables. Excel served as the primary tool for data 
organisation, where the data was organised in two tables. Key variables 
such as type of intervention, the country where intervention was carried 
out, focus area (biophysical vs socio-economic), category of intervention 
(protection, restoration or extension), direct vs indirect impact of 
intervention of water resource management, study type (qualitative vs 
quantitative), and involvement of local communities were identified and 
assigned respective columns. Binary variables were coded as 1 for "yes" 
and 0 for "no," ensuring consistency and ease of analysis. However, a 

unique approach was adopted for study type classification: qualitative 
studies were denoted as "L," quantitative studies were denoted as "N," 
and studies employing both methodologies (mixed methods) as "B." This 
coding process laid the groundwork for both descriptive and statistical 
analysis. The data regarding the effectiveness and sustainability of the 
interventions were organised in another datasheet. Each intervention 
was evaluated based on these predefined criteria and systematically 
assessed. Each was coded with ’1′ for "yes" if the study met the criterion 
effectively and ’0′ for "no" if it did not. This binary coding allowed for a 
clear, visual representation of which articles covered successful and 
sustainable interventions according to the study’s benchmarks. This 
method facilitated an easy comparison across different interventions, 
highlighting areas where each succeeded or needed improvement.

3.2. Descriptive analysis

3.2.1. Geographical distribution
The results show that most studies were in eastern, southern and 

western Africa (Fig. 3). Ethiopia had the highest number of studies (43), 
indicating a robust focus on environmental management strategies. 
Kenya followed with 30 studies and South Africa with 22, highlighting 
significant research activities related to NbS in these countries. Other 
countries like Burkina Faso, Ghana, Nigeria, Rwanda, Uganda, and 
Zimbabwe have moderate numbers ranging from 2 to 9 studies, 
reflecting varying degrees of investment in researching nature-based 
solutions. In contrast, several countries like Botswana, Democratic Re
public of Congo, Niger, Senegal, South Sudan, The Gambia, Togo, 
Tunisia, and Zambia each report only a single study, suggesting a much 
lower level of research engagement, although the focus on English 
language articles could have affected these numbers by excluding 
studies from Francophone countries. Only one collaborative study 
among African states (between Nigeria and Ethiopia) was found, indi
cating limited cross-border research collaborations. Similar results of a 
few cross-collaborations between African countries in NbS were re
ported by Olago et al., 2024 [81].

The distribution of scientific articles can be attributed to environ
mental, socio-economic, and academic factors. Each of these countries 
presents unique characteristics that make them focal points for NbS 

Fig. 2. A PRISMA flow diagram representing the systematic presentation of the article selection process with the number of articles filtered out at each stage.
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research in ASALs. Kenya, Ethiopia, Tanzania, and Zimbabwe share 
significant ASAL regions. For example, over 80 % of Kenya’s surface area 
is classified as ASALs, characterised by water scarcity, periodic 
droughts, and environmental degradation [82,83]. These challenges 
necessitate innovative approaches like NbS for sustainable water and 
land management. In many African countries, rural and indigenous 
communities heavily depend on natural resources for their livelihood 
[84–86]. This dependency creates a strong impetus for researching and 
implementing NbS that supports ecosystem health and community 
well-being. Countries like Zimbabwe and Tanzania face socio-economic 
pressures from land degradation and water scarcity, driving research 
towards sustainable solutions [87]. Furthermore, some countries, such 
as Kenya and South Africa, have robust academic and research in
frastructures (such as the National Research Fund in both these coun
tries) compared to the rest of the continent [88], facilitating extensive 
studies and pilot projects in NbS. International collaborations and 
funding are more accessible in these countries, especially in Ethiopia 
and South Africa, enhancing their research output [89]. South Africa, 
Kenya, Ethiopia, Nigeria, Uganda and Ghana, all with fair to good rep
resentation among the studies here, rank among the top 10 African 
countries in terms of research output [90]. The presence of articles from 
these countries in the scientific literature can also reflect the global 
academic community’s interest and the availability of data from these 
regions.

Conversely, the limited representation from other African countries 
might be due to less developed research capacities or lower prioritisa
tion of NbS in national policies. The absence of literature from Northern 
Africa, where the Sahara Desert is, and Southern Africa, where the 
Kalahari Desert is, was noted in this study (Fig. 3). Northern African 

countries, predominantly desert, might face environmental challenges 
that differ from those in sub-Saharan ASALs. While water scarcity is a 
common issue, the specific environmental conditions and socio- 
economic contexts might lead to different priorities in research and 
policy. For example, Northern African countries may focus more on 
desertification control or oasis management rather than the types of NbS 
commonly applied in sub-Saharan ASALs. Another possible explanation 
could be a publication bias where studies from these regions, especially 
those from developing countries or non-English speaking nations, are 
underrepresented in international scientific literature. More than 95 % 
of the research papers in natural and social sciences disciplines are 
published in English [91], and nearly 80 % of all indexed journals are 
published in English [92]. Additionally, language barriers and limited 
access to international publishing platforms can further reduce the vis
ibility of research from these regions [92]. This would impact Northern 
and Western African countries where Arabic and French are spoken 
predominantly. The focus of this study on English could have led to the 
exclusion of papers from these regions. These regions’ environmental 
management and sustainable practices are often rooted in cultural and 
historical contexts. Communities in these regions have traditional or 
indigenous practices for managing water resources that are not labelled 
as NbS or documented in scientific articles [70], which could also play a 
role in the underrepresentation of these regions in the literature. 
Furthermore, the availability of data and the specific focus of re
searchers play a crucial role. If there is limited data availability or if 
researchers in these regions are focused on different aspects of envi
ronmental management, this would result in a gap in the literature, 
specifically about NbS. Notably, the absence of literature does not 
necessarily imply the absence of NbS practices in these regions. Instead, 

Fig. 3. Map showing the geographical distribution of articles identified in this study across Africa superimposed over a map highlighting the location of ASALs in 
Africa, i.e., deserts, semi-deserts and dry savannahs.
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it could indicate a gap in documentation, research, or international 
recognition of such practices. This uneven distribution underscores the 
importance of enhancing research capabilities and fostering NbS ini
tiatives across other African nations facing similar ASAL-related 
challenges.

3.2.2. Distribution by year
The studies reviewed were conducted each year from 1998 to 2024. 

The distribution of studies over the years showed a gradual increase in 
research activity, particularly noticeable from 2010 onwards, coinciding 
with the development of the NbS terminology. Only one research article 
was recorded for 1998 and 1999, suggesting a nascent interest in the 
NbS studies. The early to mid-2000s show low but slightly increasing 
activity, with the number of studies fluctuating between one and three 
per year. A noticeable surge occurred from 2010, when studies increased 
to five, indicating a growing interest and possibly an increase in funding 
or technological advancements. This upward trend continued in 2023, 
with 23 studies recording the highest activity level. Notably, the count 
decreased from 12 in 2017 to six in 2018. The subsequent years showed 
continued high activity with 11, 17, 21, and 16 studies from 2019 to 
2022, respectively. So far, there has been one study in 2024.

3.2.3. Category of NbS
The studies covered various environmental initiatives emphasising 

restoration efforts, with 59 % of projects aimed at enhancing ecosys
tems’ ecological integrity and functioning by returning ecosystems or 
habitats to their original state before disturbance or degradation. The 
high restoration prevalence indicates a significant response to environ
mental degradation and could coincide with the UN declaring a decade 
of restoration [93]. It suggests a reactive approach where efforts are 
concentrated on repairing damage already occurring, highlighting the 
need for intensive recovery measures in significantly impacted ASALs. 
Protection efforts, accounting for 31 % of the initiatives, focus on pre
serving current environmental conditions to prevent further degradation 
of essential ecosystems. This involves setting up protected areas, 
implementing sustainable management practices, and enacting regula
tions to conserve biodiversity and avoid overexploitation. The emphasis 
on protection demonstrates an awareness of the need to maintain 
ecological balance and prevent future environmental issues, aiming to 
sustain biodiversity and secure natural resources essential for life sup
port. A smaller proportion, 8 %, involved projects that integrate both 
protection and restoration, designed to ensure ecosystems are restored 

to their former state and shielded against future threats. This dual 
approach maximises the resilience of ecosystems against ongoing and 
future challenges, reflecting a comprehensive strategy that heals past 
damages and guards against future vulnerabilities. Extension efforts are 
mentioned minimally at 1 %, likely referring to creating or expanding 
ecosystems beyond initial targets or areas, enhancing the scope or 
applying successful strategies in new contexts. Additionally, 1 % of the 
studies focused on a combination of restoration with extension, sug
gesting that these areas are ripe for development, where extending the 
reach of proven strategies could significantly amplify environmental 
benefits and indicate the potential for scaling successful practices to 
broader applications essential for large-scale environmental improve
ments (Fig. 4).

This distribution offers insights into the priorities and strategies 
within the ASALs in Africa, highlighting a strategic orientation towards 
dealing with environmental issues through reactive and proactive 
measures. The emphasis on restoration-related projects indicates a 
reactive approach to biodiversity conservation and water resource 
management, focusing on repairing past damage. Simultaneously, the 
focus on protection suggests proactive measures are valued, aiming to 
prevent degradation before it occurs. Integrating protection and resto
ration in some projects indicates a holistic strategy addressing preven
tion, which is essential for sustainable environmental management. The 
rare mention of extension alongside other categories suggests potential 
areas for further development, possibly indicating that creating new 
ecosystems is an area for future focus.

3.2.4. Focus of study
Of the 143 studies, 44 (31 %) concentrated on biophysical aspects of 

the environment (Fig. 4). These studies primarily delved into physical or 
biological conditions and processes related to natural ecosystems, 
examining water resources, land use, ecological impacts, etc. The focus 
on biophysical aspects indicates a scientific approach to understanding 
and managing the physical components of ecosystems and associated 
biodiversity. Meanwhile, 56 studies (39 %) prioritised socioeconomic 
issues, indicating a substantial emphasis on the interplay between eco
nomic activity and social processes within environmental management. 
These studies explored themes such as economic growth, public health, 
community stability, and the socioeconomic impacts of environmental 
policies and practices, reflecting a strong inclination towards integrating 
social and economic considerations into ecological strategies. Further
more, 43 studies (30 %) addressed both biophysical and socioeconomic 

Fig. 4. Graphs showing the results of the category of NbS, type of intervention implemented, the focus of the intervention, impact of the intervention of water 
resources, aspect of water resources addressed, design of the study, level of stakeholder and Indigenous knowledge inclusion
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dimensions, embodying a comprehensive environmental and resource 
management approach. This integrative focus highlights the complex 
interdependencies between the physical environment and the social or 
economic structures that influence human life. This thematic distribu
tion within the studies illustrates the diverse orientations in environ
mental research and the nearly equal division between scientific 
(biophysical) and humanistic (socioeconomic) components. This is the 
crux of NbS, as integrating biophysical and socio-economic consider
ations is essential for its success. It is important to note that this section 
discusses the focus of the studies on the impacts of the interventions and 
not on the overall goals of the interventions.

3.2.5. Impact on water resources
The effects of water resource management were categorised into 

direct and indirect impacts. Of the studies analysed, 43 % had direct 
impacts, which are the immediate and observable consequences of water 
resource management on the biophysical and socioeconomic environ
ment (Fig. 4). These direct impacts, detailed in 62 studies, include 
changes in water quality, hydrological alterations, and immediate ef
fects on local communities, flora, and fauna. Such studies punctuate the 
significance of addressing and mitigating immediate threats to water 
resources, highlighting the need for responsive strategies to quickly 
counteract or minimise adverse effects on water systems, thereby pro
tecting ecosystems, human well-being, and water quality. On the other 
hand, 55 % of the studies explored indirect impacts, which encompass a 
broader spectrum of effects extending beyond immediate environmental 
alterations. These impacts, discussed in 78 studies, include long-term 
ecological changes, socio-economic repercussions such as impacts on 
community livelihoods, public health, and economic stability, as well as 
broader policy implications. Indirect impacts, which may not have been 
the primary focus of the intervention, often result from complex 
ecological and socio-economic pathways, such as changes in water 
availability downstream due to upstream interventions or long-term 
alterations to the water cycle from land use changes. Interventions 
such as soil conservation and soil moisture are good examples of indirect 
impacts, where protecting or restoring soil impacts water quality and 
quantity. A few studies (2 %) involved interventions addressing direct 
and indirect impacts. The substantial attention to direct and indirect 
impacts demonstrates a comprehensive approach, recognising environ
mental and human activities’ immediate and long-term consequences. 
This balance is vital for developing effective water management policies 
that are reactive to immediate problems and proactive in preventing 
future issues. The slight preference for studies on indirect impacts sug
gests a nuanced understanding within the academic and practical fields 
of water resource management, acknowledging that the effects extend 
far beyond the immediate environmental changes. This reflects a holistic 
approach, considering the extended repercussions that can influence 
various societal and ecological components. It is essential for re
searchers, policymakers, and practitioners as they develop strategies 
and interventions to manage water resources sustainably and 
responsibly.

3.2.6. Aspects of water addressed
The studies emphasised water quantity much more than quality, with 

137 entries (96 %) accounting for this (Fig. 4). This overwhelming focus 
highlights the critical importance of water supply issues in African 
ASALs, with most studies concentrating on water availability, access, 
and volume. The extensive concern with the quantity of water encom
passes studies on water availability, water distribution, water use effi
ciency, and other quantitative aspects, underlining that the primary 
concern in most studies or interventions is how much water is available 
or utilised. Conversely, only four studies, representing 3 % of the total, 
concentrate exclusively on water quality. These studies focus on water’s 
chemical, physical, and biological characteristics, assessing pollutants 
and the overall health of water systems crucial for ecosystem vitality and 
human health. The relatively low percentage of studies on water quality 

indicates that while it is an important aspect, it may not be the central 
focus as frequently as water quantity within the study area.

Furthermore, a minimal number of 2 studies (1 %) address both 
quantity and quality. This rare but holistic approach to water manage
ment considers the amount of water available and its suitability for 
various uses, recognising the interconnectedness of these aspects in 
sustainable water management. These interdisciplinary studies are 
essential for comprehensive water management strategies. The analysis 
reveals a potential gap in integrating water quality issues within the 
broader research agenda, which could be crucial for developing 
comprehensive water resource management strategies. The dominance 
of water quantity issues suggests that concerns about water scarcity, 
allocation, and usage are paramount in the fields or regions represented 
in the studies. Global issues of water stress, the need for efficient water 
management in agriculture, industry, and urban settings, or the impacts 
of climate change on water availability could be the drivers of this focus. 
In contrast, the lesser emphasis on water quality might highlight a need 
for increased focus in this area, especially considering the growing 
challenges of pollution and the need for clean water to sustain human 
health and ecosystems. The studies that address quantity and quality 
reflect a holistic approach, which is essential for ensuring sustainable 
water management that meets supply and safety standards.

3.2.7. Study design
In the studies analysed, nearly half of the studies, accounting for 45 

%, are quantitative methodologies, utilising numerical data and statis
tical methods to explore various variables (Fig. 4). This significant 
emphasis on quantitative methods points to a strong preference for data- 
driven insights within the research community, particularly relevant in 
fields such as environmental sciences, where precise measurements and 
data analysis are pivotal. Approximately one-third of the studies, or 32 
%, employ a mixed-methods approach, integrating qualitative and 
quantitative techniques. This comprehensive strategy allows for a 
deeper and broader understanding of the research topics by combining 
numerical analysis with contextual insights from qualitative methods. 
Moreover, over 23 % of the studies are qualitative, focusing on non- 
numerical data to delve into concepts, opinions, or experiences. This is 
vital for understanding complex issues such as human behaviours, social 
processes, and contextual factors. The distribution of these methodo
logical approaches offers valuable insights into the preferences and re
quirements within the research community. The prevalence of 
quantitative research highlights the importance of empirical evidence 
and measurable outcomes. In contrast, the significant use of mixed 
methods reflects the value of integrating diverse data types to enrich the 
analysis and conclusions, providing a holistic view of the research 
questions. A considerable proportion of qualitative studies emphasises 
their critical role in areas where numerical data alone might not fully 
capture the nuances, such as in studies focusing on community per
ceptions, policy impacts, or cultural factors.

3.2.8. Stakeholder involvement
A quarter of the studies (25 %) report that the NbS interventions 

were co-designed with stakeholders, involving collaborative planning 
and development with input from local communities, governments, and 
other relevant parties (Fig. 4). This collaborative approach enhances the 
solutions’ relevance, acceptance, and effectiveness. However, over 74 % 
of the entries indicate that the NbS were either not co-designed with 
stakeholders or the stakeholder involvement was not reported. This 
suggests various implementation strategies, from top-down approaches 
to scenarios where stakeholder input was not deemed necessary or 
feasible. Despite the recognised benefits of such collaboration, the 
relatively low percentage of NbS projects co-designed with stakeholders 
highlights several critical considerations. Engagement challenges such 
as logistical issues, community resistance, or lack of resources might 
impede effective stakeholder involvement. This is crucial for ensuring 
that projects are well-adapted to local contexts and have the support 
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needed for long-term success. Projects not co-designed with stake
holders may face challenges in acceptance and sustainability, as stake
holder involvement often plays a critical role in project success.

This situation presents a significant opportunity to enhance 

stakeholder engagement in NbS projects. By improving collaborative 
approaches, the outcomes and acceptance of these projects could be 
significantly improved, especially in sensitive or complex environmental 
and social contexts. Recognising the gap in co-design can motivate 

Fig. 5. A graphical representation of the percentage of the studies that employed each intervention (infographic created by Daria Vuistiner)

C. Okello et al.                                                                                                                                                                                                                                  Nature-Based Solutions 6 (2024) 100172 

9 



researchers, project managers, and policymakers to seek more robust 
engagement strategies to ensure that NbS are effective and supported by 
those they impact. This analysis underscores the importance of stake
holder involvement in environmental and sustainability projects. It 
serves as a call to action for increasing participation in the planning and 
development phases of NbS, ensuring that these initiatives effectively 
achieve their goals and are supported by the communities they serve.

3.2.9. Incorporation of indigenous knowledge
Approximately 26 % of the articles reviewed in this study indicated 

incorporating indigenous knowledge in the NbS interventions, 
acknowledging the value of traditional ecological knowledge and 
practices in enriching understanding and solutions, especially within 
environmental and resource management contexts (Fig. 4). Conversely, 
most studies (around 74 %) did not include indigenous knowledge (or 
report on its inclusion), which may reflect a range of issues from its 
perceived relevance in specific contexts to barriers in accessing or 
integrating such knowledge effectively. Incorporating indigenous 
knowledge in some studies demonstrates a valuable approach to 
leveraging local, culturally grounded insights into natural resource 
management, sustainability, and conservation practices. However, the 
relatively low percentage of studies integrating Indigenous knowledge 
highlights potential barriers, such as lack of awareness, insufficient 
engagement with Indigenous communities, or methodological chal
lenges in merging traditional knowledge with scientific research. The 
findings suggest significant opportunities for enhancing solutions 
through increased integration of indigenous knowledge, which could 
lead to more holistic and culturally appropriate approaches that are 
critical in projects related to environmental conservation and 
community-based management. These results could inform policy
makers and research institutions about the need to create more inclusive 
frameworks that facilitate the integration of indigenous perspectives and 
knowledge systems into mainstream research and project design. This 
analysis underlines the importance of incorporating diverse knowledge 
systems in research and development projects aimed at ecological and 
social sustainability. It suggests a crucial direction for future research 
and policymaking to ensure that environmental and community man
agement projects are informed by a broad range of insights and prac
tices, enhancing their effectiveness and relevance.

3.2.10. Type of interventions
A total of 12 NbS interventions were identified in the 143 studies 

(Fig. 5). Most of the projects deployed more than one intervention. 
Water conservation, pivotal for sustainable water management, was the 
most prevalent intervention in 66 % of the studies [94–102]. This high 
frequency indicates its vital role in managing water resources efficiently, 
suggesting a strong emphasis on water-saving techniques, which policy 
enhancements and educational campaigns could further support. Soil 
moisture and soil conservation were the second most used interventions, 
each reported in 60 % of studies [103–118]. This points to the critical 
importance of these practices in maintaining agricultural productivity, 
ecosystem health, and water resource management. Water harvesting, 
such as zai pits [119–121], borrow pits [122,123], and rainwater har
vesting at the household level [124,125], among others, has emerged as 
a significant practice, with 43 % of studies focusing on it, highlighting a 
heightened awareness of water scarcity issues and emphasising the 
critical need to capture and store rainwater for agricultural and do
mestic purposes. Conservation agriculture was reported in 28 % of the 
studies, reflecting a commitment to sustainable farming practices like 
no-till agriculture and crop rotation that bolster soil health and reduce 
erosion, linked to higher water retention rates, supporting groundwater 
recharge [126–134]. Both exclosures and agroforestry were imple
mented in 8 % of studies each. Exclosures are critical in promoting 
natural regeneration by protecting areas from grazing [135–142], while 
agroforestry [99,143–148], which integrates trees within agricultural 
landscapes, offers multifaceted benefits, including increased 

biodiversity and improved yields. Afforestation was pursued in 6 % of 
studies [145,147,149,150], emphasising efforts to establish new forest 
areas vital for carbon sequestration and habitat restoration. Flood 
management was also reported in only 6 % of the studies [134,
151–156], highlighting the acute need to manage flood risks in ASALs 
with strategies like flood barriers and improved drainage systems to 
mitigate economic losses and protect lives. Surface spreading and 
infiltration, documented in 4 % of the studies [157,158], suggest a po
tential undervaluation or implementation challenges of this technique, 
particularly in urban settings where impermeable surfaces hinder nat
ural water absorption. This indicates a need for increased awareness and 
adaptation of methods suited to different environmental contexts. River 
conservation was markedly less reported at only 2 % [159–161], indi
cating possible regional variations in priorities or integration into 
broader strategies that were not explicitly identified. This low percent
age is concerning given the crucial role of rivers in supporting biodi
versity and water supplies. Finally, reseeding degraded lands to restore 
grazing lands [105,162] appeared minimally practised, cited in only 1 % 
of the studies, contrasting with its potential to restore vegetation and 
enhance land productivity, especially in areas impacted by disturbances 
or degradation.

3.2.11. Effectiveness criteria
A slight majority, approximately 52 % (Fig. 6), of the studies meet all 

four defined effectiveness criteria, indicating that over half are consid
ered effective across dimensions like socio-economic impacts, environ
mental resource use, conservation efforts, and infrastructure flexibility. 
This reflects a strong alignment with comprehensive effectiveness 
standards. Conversely, nearly 48 % of the studies fail to meet all four 
criteria, suggesting gaps in how effectively these projects achieve broad 
effectiveness goals, possibly due to limitations in scope, methodology, or 
focus areas that do not cover all criteria comprehensively.

The detailed analysis of "Effectiveness criteria" is as follows:

• Socio-economic aspects: Most studies, with an 85 % mean agree
ment, affirmed positive socio-economic impacts, such as growth and 
public health, with a low standard deviation of 0.355, indicating 
strong consensus, showing widespread recognition of socio- 
economic benefits.

• Use of natural and environmental resources: This criterion showed 
the highest agreement rate, at 90 %, with a low standard deviation of 
0.298, suggesting consistent responses that effectively acknowledge 
using natural resources in most interventions.

• Enhancement and conservation of natural resources: About 89 % of 
the studies showed a positive relation with this criterion, reflecting a 
strong consensus on resource conservation and enhancement. Most 

Fig. 6. Graphical representation of the results of studies that met the effec
tiveness criteria.
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studies recognised the benefits of such efforts despite a slightly 
higher standard deviation of 0.316 compared to other criteria.

• Flexibility and sustainability of infrastructure: The mean agreement 
for this criterion is 71 %, the lowest among the four. This indicates 
more variability in responses, with a standard deviation of 0.457. 
This suggests that a majority still recognise the flexibility and sus
tainability of infrastructure despite diverse assessments.

This comprehensive analysis highlights the strengths and illuminates 
areas where consensus is strong and opinions diverge significantly, 
guiding future studies and interventions towards addressing all effec
tiveness criteria comprehensively. For researchers and practitioners, this 
information is crucial for designing and implementing projects that 
address these criteria effectively. Policymakers can use these insights to 
inform policy decisions and funding allocations, emphasising support 
for approaches that demonstrate comprehensive effectiveness. Strategic 
planners in organisations can leverage this analysis to review project 
portfolios, identify trends in effectiveness, and adjust strategies 
accordingly. This benchmark assesses studies’ quality and impact to 
maximise the efficacy in tackling critical socio-economic and environ
mental challenges.

3.3. Statistical analysis

3.3.1. Tests of association
Table 2 provides the results of the association tests between the 

categorical variables. The focus of the interventions was associated with 
the stakeholders’ engagement in co-designing the NbS interventions (p 
= 0.0002), incorporation of indigenous knowledge (p = 0.0420) and the 
study type/methodology employed (p = 0.0062). This implies that 
stakeholders’ engagement and incorporation of indigenous knowledge 
would impact what the interventions focused on. It also implies that the 
focus of the intervention influences the methodology used to assess it (e. 
g., quantitative methods are likely to be used to evaluate interventions 
focusing on biophysical aspects of ecosystems). The impact on water 
resources was only associated with the effectiveness of the study (p =
0.0001). Co-designing with the stakeholders was associated with the 
incorporation of indigenous knowledge (p = 0.0001), the effectiveness 
of the intervention (p = 0.0079) and the study type (p = 0.0475), sug
gesting that involvement of stakeholders in the planning and imple
mentation of NbS interventions will have a net positive effect on the 
probability of success of the project.

3.3.2. Strength of the association
The Cramer’s V test was used to measure the strength of association 

between variables that showed association from the Chi-square/Fisher’s 
exact test of independence. Table 3 provides the results of the test. Co- 
designing the NbS with stakeholders and incorporation of the indige
nous solutions showed the highest level of Cramer’s V of 0.3563, fol
lowed by impact on the water resource and effectiveness of the study at 
0.3472 and focus of the intervention and stakeholders’ co-designing at 
0.3411. However, all the Cramer’s V values were closer to 0 than to 1, 
suggesting that the associations between the variables were not very 
strong.

3.3.3. Factors associated with the effectiveness of the study
Table 4 presents the results of the factors associated with the study’s 

effectiveness of the interventions both for the univariate (unadjusted) 
and the multivariable (adjusted) analyses. Studies that focused on the 
direct impact on water resources had 74 % less odds of meeting the 
effectiveness criteria than studies that focused on the indirect impact on 
water resources. Additionally, studies co-designed with the stakeholders 
had 229 % odds of meeting the effectiveness criteria compared to those 
not co-designed with the stakeholders. For the adjusted analysis, the 
odds of meeting the effectiveness criteria slightly changed to 77 % less 
for studies that focused on the direct impact on water resources than 
studies that focused on the indirect impact on water resources. 
Regarding co-designing with the stakeholders, the studies that included 
co-design with the stakeholders had 284 % odds of meeting the effec
tiveness criteria compared to those not co-designing with the stake
holders while holding other factors constant, further making a case for 
the need to co-design projects with relevant stakeholders.

3.3.4. Effect of Co-designing with stakeholders on incorporation of 
indigenous knowledge

Table 5 presents the results of the effect of co-designing nature-based 
solutions with stakeholders on the incorporation of indigenous knowl
edge. Co-designing nature-based solutions with stakeholders increases 
the odds of incorporating indigenous knowledge by 453 % more than 

Table 2 
P-values of Chi-square and Fisher’s tests of independence. Significant correlations (p < 0.05) are highlighted.

Table 3 
Results of the Cramer’s V test of association

Variable 1 Variable 2 Cramer’s V

Focus Stakeholders 0.3411
Indigenous 0.2106
Study type 0.2242

Impact Effectiveness 0.3472
Stakeholders Indigenous 0.3563

Effectiveness 0.2383
Study type 0.2064
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those not co-designed with stakeholders.
Even though the focus showed an association with stakeholders, 

indigenous people, and study type, we would not further quantify the 
association across the different categories/levels through modelling, 
given that it has a third category focusing on biophysical and socio- 
economic interventions. Interpretation from such would not be useful 
programmatically.

4. Conclusions

The systematic review highlights the important role of Nature-based 
Solutions (NbS) in mitigating water scarcity and bolstering ecosystem 
resilience in Africa’s ASALs. These interventions, including water con
servation, soil moisture management, water harvesting, and agrofor
estry, demonstrate significant potential in enhancing water availability, 
addressing biodiversity loss, and fostering sustainable livelihoods, in 
line with SDGs 6 and 15 and GBF. However, the success of these solu
tions is closely linked to their design and implementation strategies. A 
key finding from the review is the critical importance of stakeholder 
engagement in the co-design of NbS projects. Interventions that inte
grated local knowledge and involved communities throughout the 
planning and execution phases were more likely to achieve effectiveness 
criteria and sustain long-term benefits. Furthermore, while most studies 
have concentrated on water quantity, there is a notable gap in 
addressing water quality, pointing to the need for a more comprehensive 
approach to water resource management. Geographically, the research 
has been predominantly focused on eastern, southern, and western Af
rica, leaving significant gaps in northern and central regions. This un
even distribution indicates the need for broader research efforts to 
understand the diverse challenges and opportunities across the 
continent.

To enhance the effectiveness and sustainability of NbS, future pro
jects should prioritise the involvement of local communities and stake
holders from the planning stages to implementation. This approach 
ensures that interventions are culturally appropriate, widely accepted, 
and effectively meet local needs. Moreover, there is a pressing need to 
incorporate water quality considerations into NbS projects. Future 
research and interventions should adopt a holistic approach addressing 

water quantity and quality to ensure comprehensive water security. 
Efforts should also be made to conduct more research in underrepre
sented regions, particularly in northern and central Africa. The results 
should be mainstreamed in cases where research is being carried out. 
This expanded focus will help develop context-specific NbS to address 
unique regional challenges. Additionally, integrating indigenous 
knowledge into NbS can significantly enhance the relevance and effec
tiveness of interventions. These measures would address the challenges 
that led to 48 % of the studies being ineffective in addressing water- 
related challenges before scaling up NbS interventions. Policies and 
projects should facilitate merging traditional ecological knowledge with 
scientific approaches. Finally, promoting interdisciplinary collaboration 
is crucial for the success of NbS. Effective solutions require the inte
gration of ecological, socio-economic, and technological perspectives. 
Encouraging interdisciplinary research and partnerships can lead to 
innovative and sustainable solutions. Such collaborations would include 
international cooperation as many water basins in ASALs transcend 
national borders. The collaborations would also encourage data sharing 
among organisations, enhancing monitoring and, ultimately, the effec
tiveness of the interventions. While including grey literature in future 
reviews would capture the data from NbS interventions carried out by 
NGOs but not available in scientific publications, implementing orga
nisations should enhance their monitoring programmes and endeavour 
to publish their findings in publications with a broader reach. By 
addressing these recommendations, stakeholders can significantly 
improve the effectiveness and sustainability of NbS, contributing to 
better water resource management and climate resilience in Africa’s 
ASALs.
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Table 4 
Logistic regression results of the factors associated with the study’s effectiveness 
in addressing freshwater resource management.

Unadjusted Adjusted

Variable OR (95 % CI) p- 
value

aOR (95 % CI) p- 
value

Impact 
Indirect 
(ref)

1 1

Direct 0.259 (0.126- 
0.519)

0.0002 0.226 (0.105- 
0.469)

0.0001

Stakeholder 
No (ref) 1 1

Yes 3.294 (1.460- 
8.031)

0.0057 3.836 (1.585- 
10.098)

0.0041

Note: 3 observations that focused on both direct and indirect impacts on water 
resources were dropped in the univariate model of impact and the adjusted 
model.

Table 5 
Logistic regression results on the effect of co-designing with stakeholders on 
incorporating indigenous knowledge.

Variable OR (95 % CI) p-value

Stakeholder 
No (ref) 1

Yes 5.526 (2.438-12.859) 0.0001
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