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Abstract 
This paper presents a literature-based case analysis of climate change maladap-
tation in Sub-Saharan Africa (SSA), examining instances in which adaptation 
interventions have inadvertently increased vulnerability rather than reduced it. 
Drawing on a multi-theoretical framework integrating vulnerability theory, 
political ecology, and the maladaptation lens, the paper synthesizes published 
evidence from selected cases in Kenya, Ethiopia, Mozambique, Nigeria, and 
Senegal. The review identifies recurring drivers of maladaptation, including 
top-down planning, weak stakeholder inclusion, socio-cultural misalignment, 
ecological unsuitability, and short-term policy approaches. The analyzed cases 
include irrigation-induced conflict, exclusionary climate-smart agriculture, 
ecologically damaging afforestation, inequitable water harvesting, and dis-
placement associated with coastal defense and resettlement programs. The pa-
per demonstrates how adaptation interventions can reinforce inequalities, un-
dermine local livelihoods, and generate new environmental risks when contex-
tual realities are overlooked. The analysis underscores the need for context-
sensitive, participatory, and equity-oriented adaptation planning in SSA. The 
paper concludes by advocating for transformative adaptation approaches that 
address structural vulnerabilities and promote sustainable, locally grounded 
climate resilience. 
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1. Introduction 

The cardinal question addressed in this paper is: Are there cases when adaptation 
to climate change does not work in Sub-Saharan Africa (SSA)? The answer to this 
critical question is in the affirmative. This paper aims to investigate why and how 
certain adaptation strategies in SSA fail to achieve their intended outcomes, a phe-
nomenon currently referred to in the literature as maladaptation [1]-[5]. It high-
lights key drivers of maladaptation, including top-down planning, poor stake-
holder engagement, socio-cultural disconnects, and short-termism. By unpacking 
empirical cases from Kenya, Ethiopia, Mozambique, and Nigeria, the paper aims 
to generate lessons that can inform future adaptation practice and policy in Africa 
and beyond. The first assignment undertaken in this paper is to provide a brief 
history of the debate, second, to identify the appropriate theoretical and concep-
tual underpinnings for analysis, and third, to offer some relevant examples from 
SSA where adaptation to climate change has not been effective. After that, the pa-
per concludes and provides some recommendations.  

2. Brief History of the Maladaptation Debate 

The use of maladaptation as a concept in the space of climate change dates back 
to the late 1990s. For example, [6] referred to it indirectly through nine principles 
that characterize effective adaptation, including the importance of accounting for 
“potential adverse side effects of adaptive strategies… to avoid solutions that are 
worse than the problem” (p. 85). According to their interpretation, “maladapta-
tion can result in negative effects that are as serious as the climate-induced effects 
being avoided” (p. 87). The term also appears in the IPCC’s Third Assessment 
Report, which defines maladaptation as “an adaptation that does not succeed in 
reducing vulnerability but increases it instead” ([7], p. 990). On the other hand, 
[8] and [9] also mention the term maladaptation in their work. More recently, [1], 
[10] and [11], while describing the responses to water stress engineering in the 
city of Melbourne (Australia), refer to “an action taken ostensibly to avoid or re-
duce vulnerability to climate change that impacts adversely on, or increases the 
vulnerability of other systems, sectors or social groups” (p. 211). Very recently, 
the IPCC Working Group II contribution to the Fifth Assessment Report (AR5-
WGII) [12] contains numerous references to the concept, including a one-page 
section dedicated to “Addressing Maladaptation” [13]. From the above, there is 
every indication that there is a scholarship of maladaptation, and that the concept 
is making its way into the mainstream, but it does not yet imply clarity on what it 
means. The glossary of the AR5-WGII report proposed to define maladaptation 
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as: “Actions that may lead to increased risk of adverse climate-related outcomes, 
increased vulnerability to climate change, or diminished welfare, now or in the 
future” [12]. This definition is partly derived from that developed in November 
2012 by sixteen experts during a three-day workshop on the maladaptation issue: 
“Maladaptation is a process that results in increased vulnerability to climate vari-
ability and change, directly or indirectly, and/or significantly undermines capaci-
ties or opportunities for present and future adaptation” ([3], p. 3). 

The maladaptation debate gained traction as development and adaptation pro-
jects, especially in the Global South, came under scrutiny for failing to account for 
local contexts, perpetuating inequalities, or locking communities into unsustain-
able practices [1]. For instance, large-scale irrigation, seawalls, or reliance on air 
conditioning have at times provided short-term relief but intensified long-term 
environmental or social vulnerabilities. [1] were instrumental in advancing the 
maladaptation debate by proposing five key characteristics of maladaptive actions: 
they increase greenhouse gas emissions, disproportionately burden the most vul-
nerable, reduce incentives to adapt, have high opportunity costs, or set paths that 
limit future options. As aptly stated by [14], our main focus should be to achieve 
sustainable adaptation that embraces: 1) reducing risk using existing methods to 
ensure prosperity, 2) strengthening adaptive efforts by increasing the capacity of 
marginalized communities, and 3) addressing the causes of community vulnera-
bility. The maladaptation lens was further refined in the 2010s, especially in Sub-
Saharan Africa and other climate-vulnerable regions, where adaptation funding 
and practices were scrutinized for failing to deliver equitable outcomes [5] [15]. 
Scholars highlighted how power relations, institutional dynamics, and socio-po-
litical contexts can transform well-intended adaptations into maladaptive out-
comes. Today, maladaptation is increasingly mainstreamed in climate risk assess-
ments, adaptation planning, and policy evaluations, including the IPCC Sixth As-
sessment Report [16], which stresses that avoiding maladaptation requires inclu-
sive, long-term, and flexible decision-making processes. 

3. Review Methods 

This paper used a narrative literature review to examine cases of climate change 
maladaptation in Sub-Saharan Africa (SSA). Relevant literature was identified 
through searches of major academic databases, including Google Scholar, Scopus, 
and Web of Science, and by consulting reports from the Intergovernmental Panel 
on Climate Change (IPCC) and other international organizations. The search fo-
cused on peer-reviewed journal articles, policy reports, and book chapters pub-
lished primarily between 2000 and 2025. Key search terms included: “climate 
change maladaptation”, “failed adaptation”, “adaptation failure”, “transformative 
adaptation”, “vulnerability”, “political ecology”, “Sub-Saharan Africa”, “climate-
smart agriculture”, “resettlement”, “irrigation”, “afforestation”, “water harvest-
ing”, and “coastal adaptation”. 

The inclusion criteria comprised studies that: i) examined climate change ad-
aptation interventions in SSA; ii) documented unintended negative social, ecolog-
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ical, or economic outcomes associated with adaptation actions; and iii) provided 
empirical evidence or detailed conceptual analysis relevant to maladaptation. 
Studies were excluded if they focused solely on mitigation, lacked clear evidence 
of maladaptive outcomes, or were outside the SSA context. Studies that addressed 
equity, governance, and vulnerability were also prioritized. 

The case studies presented in this paper—drawn from Kenya, Ethiopia, Mozam-
bique, Nigeria, and Senegal—were selected purposively to represent diverse forms 
of maladaptation across ecological, socio-political, and livelihood contexts in SSA. 
These cases collectively capture a broad spectrum of maladaptive outcomes, in-
cluding resource conflict, exclusion, ecological degradation, displacement, and in-
equitable access to adaptation benefits. They are not intended to be exhaustive but 
rather illustrative examples that demonstrate recurring patterns and drivers of mal-
adaptation within climate adaptation practice in the region. 

4. Theoretical Conceptualization of Climate Change  
Maladaptation 

In this section, we operationalize climate change maladaptation to refer to any 
deliberate or unintended action, policy, or strategy implemented to address the 
impacts of climate change that, in practice, increases vulnerability to climate risks, 
transfers risks to other systems or groups, or undermines long-term adaptation 
capacity, resilience, or sustainability. To understand theories of climate change 
maladaptation, we build on a multi-theoretical framework integrating Vulnera-
bility Theory, Political Ecology, and the Maladaptation Lens. Together, these the-
ories provide a robust foundation for analyzing why certain climate adaptation 
strategies fail or lead to unintended consequences in SSA. The vulnerability theory 
posits that the impacts of climate change are mediated not only by the biophysical 
hazards but also by the social, economic, and political conditions that shape peo-
ple’s ability to respond [17]. This theory speaks to this study by explaining how 
adaptation strategies may fail when they overlook the differentiated vulnerabilities 
of communities. For example, interventions that assume homogeneity may inad-
vertently increase risks for marginalized groups (e.g., women, pastoralists, or eth-
nic minorities). 

On the other hand, the political ecology theory examines the relationships be-
tween political, economic, and social factors with environmental issues and 
changes [18]. It emphasizes power relations, resource access, and institutional dy-
namics. In this study, the theory reveals how adaptation decisions are shaped by 
unequal power relations, governance structures, and political interests. It explains 
how elites may capture the benefits of adaptation or how external interventions 
may undermine local institutions and knowledge systems. The maladaptation 
lens, introduced by [1], focuses specifically on identifying and understanding ad-
aptation actions that inadvertently increase vulnerability, reinforce existing ine-
qualities, or cause environmental harm. This lens directly informs the assessment 
of failed adaptation efforts in the paper. It helps to classify and evaluate adaptation 
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outcomes not just by intentions but by actual social and ecological effects. Table 
1 summarizes how these three theories are integrated in the present study and 
which cardinal questions they address. 
 
Table 1. Interaction of the three theories in this study. 

Theoretical lens Role in the study Questions it helps to answer 

Vulnerability 
theory 

Identifies who is at risk and 
why 

How do adaptation projects  
affect different social groups? 

Political ecology 
Examines structural and power 

dynamics 
Who benefits and who loses 
from adaptation decisions? 

Maladaptation 
lens 

Assesses unintended negative 
impacts 

What forms of harm result from 
poorly designed adaptation? 

Source: Processed from various literature sources, 2025. 
 
The integration of vulnerability theory, political ecology, and maladaptation 

analysis provides a critical and comprehensive lens for understanding why not 
every adaptation effort works (Figure 1). It enables the study to go beyond tech-
nical assessments and probe the social, political, and institutional underpinnings 
of adaptation failures in SSA. 

 

 
Figure 1. Theoretical framework integrating three critical theories 
that speak to the study (Source: Author’s conceptualization based 
on various literature sources, 2025). 

5. Conceptual Framework 

From the proposed theoretical framework (Figure 1), we can now conceptualize 
a framework illustrating how climate change adaptation interventions, when 
shaped by specific mediating factors, may result in either successful adaptation or 
maladaptation (Figure 2).  
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Figure 2. Conceptual framework showing the input, mediating, and output parameters 
in climate adaptation and maladaptation (Source: Author's conceptualization based on 
various literature sources, 2025). 

 
This framework draws on the theoretical perspectives of vulnerability, political 

ecology, and maladaptation (Table 1) to explain the causal logic behind adapta-
tion failure. The core components of the framework include: 

A. Climate change adaptation interventions 
These are planned or spontaneous responses to climate risks, including: 

• Irrigation schemes 
• Resettlement programs 
• Afforestation projects 
• Climate-smart agriculture 

The above interventions are triggered by governments, NGOs, or communities 
to reduce vulnerability and increase resilience. 

B. Mediating factors (Contextual conditions) 
These determine the outcome of adaptation efforts. Key mediators include: 

• Socioeconomic Inequality (e.g., class, gender, land tenure) 
• Governance Structures (e.g., participation, transparency, decentralization) 
• Cultural and Institutional Fit (e.g., respect for indigenous practices) 
• Ecological Suitability (e.g., appropriateness to local ecosystems) 
• Power Relations (e.g., elite capture, marginalization) 

These factors influence how adaptation is designed, implemented, and received. 
C. Outcomes of adaptation 
Based on how the above mediating factors interact with the interventions, out-

comes diverge: 
• Successful Adaptation 

o Reduces vulnerability 
o Enhances resilience 

https://doi.org/10.4236/oalib.1115418


C. A. Shisanya et al. 
 

 

DOI: 10.4236/oalib.1115418 7 Open Access Library Journal 
 

o Promotes equity 
o Ensures ecological sustainability 

• Maladaptation 
o Increases vulnerability 
o Reinforces inequality 
o Causes ecological harm 
o Weakens local institutions 

Figure 2 shows the following: 
• Input: Climate Change Adaptation Interventions 
• Mediated by: Contextual/Mediating Factors 
• Output: Two divergent pathways: Successful Adaptation or Maladaptation 

In the ensuing subsections, we provide examples of maladaptation to climate 
change in SSA. At the outset, we appreciate that climate change maladaptation in 
SSA refers to adaptation interventions or strategies, whether by governments, com-
munities, or development partners, that inadvertently increase vulnerability to cli-
mate change rather than reduce it. In this region, maladaptation arises primarily 
from limited adaptive capacity, weak institutions, poor policy coherence, and so-
cio-economic inequalities that shape how climate responses are designed, imple-
mented, and experienced. Many adaptation efforts in SSA are externally funded, 
technically driven, and often fail to incorporate local ecological knowledge, social 
contexts, and long-term sustainability considerations. For example, donor-pro-
moted climate-smart agriculture (CSA) practices such as conservation tillage or 
high-input monoculture may impose additional labor or financial burdens on 
smallholder farmers, reduce agrobiodiversity, or lead to dependence on external 
inputs, thereby compromising resilience. Similarly, large-scale irrigation schemes 
meant to enhance water security can marginalize pastoralists and downstream us-
ers, creating new conflicts or exacerbating existing vulnerabilities. Maladaptation 
in the region is further shaped by intersecting vulnerabilities, such as gender, eth-
nicity, poverty, and land tenure insecurity, that determine differential access to re-
sources and benefits from adaptation initiatives. Additionally, short-term political 
incentives, inadequate risk assessments, and a focus on technocratic fixes often 
overlook systemic and structural causes of vulnerability.  

Thus, maladaptation in Sub-Saharan Africa is not merely a failure of individual 
projects but a symptom of deeper governance and development challenges. Ad-
dressing it requires inclusive, context-sensitive, and long-term approaches that 
center equity, flexibility, and local participation in climate adaptation planning 
and implementation. It is with this in mind that voices for transformative adapta-
tion to climate change impacts are gaining traction, given the shifting pathway 
towards more equitable and climate-resilient development [19]-[21]. Transform-
ative adaptation promises “transformation of broader aspects of development 
through adaptation activity” ([22], p. 6). This means that, alongside the goal of 
reducing climate risk, there is also a goal of simultaneously addressing issues of 
social justice and the root causes of risk [23] [24]. Capacity building efforts under 
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the United Nations Framework Convention on Climate Change (UNFCCC), 
however, often focus on incremental adaptation, with limited attention to power 
and justice [25]. We argue that the growing focus on transformative adaptation 
requires attention to new types of capacity building that rely on knowledge crea-
tion at the grassroots level as the first phase, and on the empowerment of com-
munity actors to meaningfully inform and implement adaptation responses as the 
second phase [26]. 

The cases analyzed in this paper were assessed using a common set of analytical 
criteria derived from vulnerability theory, political ecology, and the maladapta-
tion framework. Specifically, the analysis evaluated whether adaptation interven-
tions: i) increase vulnerability to climate risks; ii) reinforce social inequalities or 
exclusion; iii) generate ecological degradation or unsustainable resource use; iv) 
disrupt local livelihoods, institutions, or indigenous knowledge systems; v) prior-
itize short-term technocratic solutions over long-term resilience; and vi) exhibit 
governance deficits such as weak participation or elite capture. Applying these 
criteria consistently across cases enabled a more systematic comparison of mala-
daptive outcomes and helped identify recurring structural drivers of adaptation 
failure in Sub-Saharan Africa. 

6. Evidence of Climate Change Maladaptation in SSA 
6.1. Irrigation-Induced Conflict in Turkana, Kenya 

Large-scale irrigation schemes in northern Kenya, such as the Turkwel Irrigation 
Scheme and parts of the LAPSSET Corridor agricultural initiatives, serve as com-
pelling examples of climate change maladaptation, given their unintended nega-
tive social, environmental, and economic consequences despite being framed as 
adaptive responses [27]. The maladaptive outcomes include: 

a) Water resource overexploitation: These projects often extract water from 
already stressed rivers like the Turkwel and Kerio, reducing downstream flow and 
exacerbating water scarcity for pastoralist communities and ecosystems reliant on 
seasonal flows. 

b) Disruption of pastoralist livelihoods: Large-scale irrigation frequently in-
volves converting communal grazing lands into farmland, undermining the mo-
bility-based pastoral systems, which are better suited to the region’s climate vari-
ability. This displacement erodes traditional coping mechanisms and increases 
conflict over shrinking resources. 

c) Exacerbation of inequalities: Benefits from these schemes often accrue to 
external investors or local elites, while marginalizing Indigenous communities, 
particularly women and poorer households who lack land titles or access to irri-
gated plots. 

d) Environmental degradation: Intensive irrigation in arid zones accelerates 
land degradation, salinization, and biodiversity loss, thereby undermining long-
term agricultural viability and ecosystem resilience. 

While designed to enhance food security and climate resilience, these irrigation 
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schemes often undermine traditional adaptive capacities and increase vulnerabil-
ity, making them prime cases of maladaptation. Any sustainable alternatives 
should prioritize inclusive, ecosystem-based approaches that respect local liveli-
hoods and water limits. 

6.2. Afforestation with Invasive Species in Ethiopia 

Afforestation with invasive species in Ethiopia, particularly the widespread plant-
ing of Eucalyptus and Prosopis juliflora, is a widely cited example of climate 
change maladaptation, where interventions intended to mitigate or adapt to cli-
mate impacts have resulted in increased vulnerability and ecological harm [28]. 
The maladaptive dimensions include: 

a) Water Resource Depletion: Species like Eucalyptus globulus have high wa-
ter demands and deplete groundwater and soil moisture, worsening water scarcity 
in already dry regions [29] [30]. 

b) Biodiversity Loss and Land Degradation: Monoculture plantations reduce 
native biodiversity, displace indigenous vegetation, and degrade soil quality, un-
dermining the ecological integrity of landscapes [31]. 

c) Spread of Invasive Species: Prosopis juliflora, introduced in Afar and Somali 
regions to combat desertification, has aggressively invaded rangelands and farm-
lands, reducing pasture availability and threatening food security [32] [33]. 

d) Livelihood Disruption: Invasion by Prosopis has significantly reduced ac-
cess to grazing areas and water points for pastoralist communities, thereby in-
creasing socio-economic vulnerability [34]. 

Although afforestation was intended to combat land degradation and sequester 
carbon, the use of inappropriate species has degraded ecosystems, undermined 
pastoralist livelihoods, and exacerbated vulnerability to climate variability—key 
markers of maladaptation. 

6.3. Planned Resettlement in Zambezi Valley, Mozambique 

The planned resettlement in the Zambezi valley in Mozambique, particularly fol-
lowing recurrent flooding events such as those in 2000, 2007, and 2013, is widely 
regarded as a testament to maladaptation to climate change, in which measures 
intended to reduce vulnerability to climate impacts have, paradoxically, increased 
long-term risks and social insecurity [35]. The maladaptive dimensions include: 

a) Inappropriate site selection: Resettlement sites were often located in re-
mote, ecologically fragile, or agriculturally unproductive areas with poor soil qual-
ity and limited access to water, markets, or services, undermining the livelihoods 
of displaced communities [36] [37]. 

b) Livelihood disruption: Many resettled populations, originally reliant on 
floodplain farming and fishing, lost access to fertile land and riverine ecosystems. 
The new sites did not support equivalent income-generating activities, leading to 
deepened poverty [38]. 

c) Erosion of social capital: Forced relocations often fragmented kinship net-
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works and traditional governance structures, weakening community resilience 
and adaptive capacity [39]. 

d) Increased vulnerability: In some cases, new settlements were ironically 
more exposed to drought or poor infrastructure, while failing to offer sufficient 
support systems, making people more vulnerable than before [35]. 

While intended as a protective adaptation to climate-induced flooding, planned 
resettlement in the Zambezi Valley has often led to new socio-economic vulnera-
bilities, environmental stresses, and dependency, clear indicators of maladapta-
tion. It illustrates the critical need for participatory, locally grounded, and liveli-
hood-sensitive relocation planning in climate adaptation strategies. 

6.4. Exclusion in Climate-Smart Agriculture in Nigeria 

The exclusion of smallholder farmers, women, and indigenous communities from 
climate-smart agriculture (CSA) initiatives in Nigeria, particularly the marginali-
zation of these groups, provides a clear example of climate change maladaptation, 
in which adaptation measures inadvertently exacerbate social inequalities and vul-
nerability rather than reducing them [40]. The maladaptive dimensions include: 

a) Elite capture and unequal access: CSA projects in Nigeria, often supported 
by international donors and government agencies, have tended to favor large-scale, 
well-connected farmers who can meet program requirements (e.g., access to credit, 
land titles, or inputs). This excludes resource-poor smallholders—the majority of 
Nigeria’s rural population—thus reinforcing existing inequalities [41] [42]. 

b) Gender exclusion: Many CSA interventions overlook the specific con-
straints faced by women—such as limited land ownership, decision-making 
power, or extension access—thereby marginalizing female farmers who are cru-
cial to local food systems [43]. 

c) Disruption of traditional knowledge systems: By promoting top-down 
technological fixes (e.g., hybrid seeds, precision farming, or carbon credit schemes), 
CSA projects often sideline traditional agroecological practices and local adapta-
tion strategies that have been effective in managing climate risks [44]. 

d) Reduced adaptive capacity: The lack of meaningful participation and own-
ership among marginalized groups reduces the sustainability of CSA initiatives. 
Without social inclusion, farmers are less likely to adopt, adapt, or benefit from 
the interventions, limiting long-term resilience and even increasing dependence 
or land tenure insecurity [45]. 

While CSA in Nigeria aims to improve resilience, productivity, and emissions 
reduction, its exclusionary implementation has often worsened vulnerability, deep-
ened inequality, and weakened local adaptive capacity, which are signs of mala-
daptation. Effective CSA must be inclusive, participatory, and sensitive to the con-
text to prevent doing more harm than good. 

6.5. Coastal Defense and Displacement in Dakar, Senegal 

The implementation of coastal defense infrastructure and displacement policies 
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in Dakar, Senegal, particularly in vulnerable neighborhoods such as Guet Ndar 
and Yoff, illustrates a notable case of climate change maladaptation, in which re-
sponses to coastal erosion and sea-level rise have deepened socioeconomic vul-
nerabilities and created new risks [46]-[48]. The particular maladaptive charac-
teristics include: 

a) Technocratic and Top-down Planning: Coastal protection efforts, such as 
sea walls, groynes, and embankments, were designed with minimal community 
involvement. These hard-engineering approaches often ignored local ecological 
dynamics and social contexts, resulting in erosion being redirected to neighboring 
communities and increasing risks elsewhere [47] [48]. 

b) Forced Displacement of Coastal Communities: In areas like Saint-Louis 
(near Dakar) and the Lébou fishing communities, planned relocations were un-
dertaken to move residents away from high-risk zones. However, resettlement 
sites often lacked adequate infrastructure, economic opportunities, and cultural 
continuity, leading to loss of livelihoods, social fragmentation, and increased pov-
erty [48] [49]. 

c) Undermining of Traditional Livelihoods: Coastal defenses have disrupted 
fish landing zones and altered sediment flows, severely affecting artisanal fisher-
ies, a primary livelihood source for many urban poor in coastal Senegal. This has 
undermined long-term resilience and heightened food insecurity [50]. 

d) Ecological Consequences: Rigid infrastructure has interfered with natural 
coastal processes, such as beach replenishment and wetland dynamics, leading to 
ecosystem degradation, which in turn reduces the buffering capacity of coastlines 
[47]. 

While intended to reduce climate risks from coastal erosion and sea-level rise, 
Dakar’s hard-infrastructure defenses and relocation efforts have, in many cases, 
increased socio-economic vulnerability, ecological fragility, and spatial inequality, 
which are key indicators of maladaptation. Future responses must adopt nature-
based solutions, participatory planning, and social justice relocation policies to 
ensure adaptive success. 

6.6. Water Harvesting and Equity in Tigray, Ethiopia 

Water harvesting interventions in Tigray, Ethiopia, particularly the widespread 
construction of household ponds, micro-dams, and check dams as part of climate 
change adaptation and land restoration efforts, have turned out to be the best ex-
amples of climate change maladaptation, where well-intended solutions uninten-
tionally increased vulnerability, inequity, and environmental degradation [15]. 
The salient features of maladaptation include: 

a) Inequitable Access and Benefit Distribution: Water harvesting infrastruc-
ture, though intended for widespread benefit, was disproportionately accessed by 
wealthier households with more land, labor, and financial capacity to construct and 
maintain the ponds. Poor and landless farmers were often excluded or burdened 
with communal labor obligations without receiving direct benefits [51] [52]. 
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b) Environmental Side Effects: Many poorly designed or unlined ponds led to 
water seepage, soil salinization, and even land degradation. In some cases, over-
harvesting surface runoff also disrupted downstream ecosystems and water avail-
ability, undermining broader landscape resilience [53] [54]. 

c) Health Risks and Maintenance Burden: Stagnant water in ponds created 
breeding grounds for mosquitoes and waterborne diseases. Additionally, the bur-
den of maintaining silted or drying-up structures often fell on communities with-
out adequate technical or financial support [55]. 

d) Disruption of Traditional Water-Sharing Norms: The focus on individual 
or household-based infrastructure undermined customary communal water man-
agement systems, weakening social cohesion and creating conflict over water ac-
cess during drought periods [56]. 

Although designed to improve water security and climate resilience, water har-
vesting practices in Tigray have, in many cases, increased inequality, degraded 
ecosystems, and overburdened marginalized households, thus exemplifying mal-
adaptation. Sustainable and equitable adaptation requires inclusive planning, ap-
propriate technologies, and recognition of social dynamics. 

Taken together, the reviewed cases reveal several recurring drivers of maladap-
tation across Sub-Saharan Africa, despite differences in ecological settings and in-
tervention types. The most consistent mechanisms include top-down planning ap-
proaches, inadequate participation by affected communities, insufficient consider-
ation of local socio-cultural and livelihood systems, and unequal distribution of 
adaptation benefits. Across nearly all cases, adaptation interventions dispropor-
tionately disadvantaged already vulnerable groups, such as pastoralists, women, 
smallholder farmers, artisanal fishers, and poorer households, thereby reinforcing 
existing social inequalities. Similarly, technocratic and externally driven adaptation 
models frequently overlooked long-term ecological sustainability, leading to envi-
ronmental degradation, resource depletion, or the disruption of customary institu-
tions and indigenous knowledge systems. At the same time, some maladaptive 
mechanisms were more specific to particular intervention types. Large-scale irri-
gation and water-harvesting projects were particularly associated with water ineq-
uities, downstream resource conflicts, and hydrological disruption, while afforesta-
tion initiatives primarily led to biodiversity loss and invasive species problems. Re-
settlement and coastal defense interventions were more strongly linked to displace-
ment, social fragmentation, and livelihood disruption, whereas climate-smart ag-
riculture initiatives highlighted issues of elite capture, exclusion from resource ac-
cess, and the marginalization of local knowledge. Collectively, these patterns sug-
gest that maladaptation in SSA is driven not only by technical shortcomings but 
also by broader governance, equity, and development challenges that shape how 
adaptation interventions are designed and implemented. 

7. Limitations of the Study 

This paper is based entirely on published secondary literature and selected illustra-
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tive case studies, and therefore has several limitations. First, the analysis depends 
on the availability, quality, and interpretation of existing studies, which may vary 
across countries and sectors within Sub-Saharan Africa. Second, the cases are pur-
posively selected to illustrate different forms of maladaptation and are not intended 
to represent the full range or frequency of maladaptive outcomes across the region. 
Consequently, the paper does not establish how widespread or prevalent each form 
of maladaptation is in Sub-Saharan Africa. Third, because the study relies on liter-
ature-based case analysis rather than primary empirical research, it cannot directly 
assess local perceptions, long-term outcomes, or the evolving dynamics of adapta-
tion interventions on the ground. Despite these limitations, the selected cases pro-
vide valuable insights into recurring mechanisms and structural drivers of mala-
daptation, informing future research, policy, and adaptation practice. 

8. Conclusions 

This paper has demonstrated that not all climate change adaptation efforts in Sub-
Saharan Africa yield positive outcomes. Through a critical examination of empir-
ical cases from Kenya, Ethiopia, Mozambique, Nigeria, and Senegal, the study has 
shown how well-intended adaptation initiatives can inadvertently reinforce exist-
ing vulnerabilities, deepen social inequalities, and cause environmental harm—
hallmarks of maladaptation. By employing an integrated theoretical lens combin-
ing vulnerability theory, political ecology, and the maladaptation framework, the 
study has unpacked how contextual factors such as power asymmetries, institu-
tional weaknesses, socio-cultural disconnects, and ecological unsuitability medi-
ate adaptation outcomes. 

The findings underscore that maladaptation in SSA consistently emerges where 
adaptation interventions combine ecological unsustainability, social exclusion, 
weak participation, and short-term technocratic planning. Adaptation interven-
tions that ignore local realities, exclude marginalized voices, or pursue short-term 
fixes are likely to produce unintended negative consequences. Conversely, sus-
tainable adaptation requires inclusive, participatory, and justice-centered ap-
proaches that are rooted in local knowledge, responsive to differential vulnerabil-
ities, and adaptive over time [57]. 

Moving forward, policy and practice must shift from purely technocratic or do-
nor-driven models toward transformative adaptation frameworks that address 
structural inequalities and embed climate resilience within broader development 
agendas. Strengthening institutional capacity, enhancing social learning, and pro-
moting co-production of knowledge with communities are essential for avoiding 
maladaptation. Ultimately, adaptation must not only reduce climate risks but also 
contribute to more equitable, inclusive, and sustainable futures across Sub-Sa-
haran Africa.  

Acknowledgements 

We thank the Stellenbosch Institute for Advanced Study (STIAS) for providing a 

https://doi.org/10.4236/oalib.1115418


C. A. Shisanya et al. 
 

 

DOI: 10.4236/oalib.1115418 14 Open Access Library Journal 
 

Fellowship to the authors while in residence for the period July-September 2025. 

Author Contributions  

C.A.S. conceptualized, prepared the original draft; and reviewed and edited the 
final draft; T.E.M. and C.W.R. reviewed and edited the draft. All authors have read 
and agreed to the submitted version of the manuscript. 

Funding  

This study has received a generous grant from the Stellenbosch Institute for Ad-
vanced Study (STIAS). 

Data Availability 

This study is based entirely on analysis and synthesis of published literature and 
secondary sources. No primary datasets were generated or analyzed during the 
current study. All sources used are cited in the reference list. 

Consent for Publication 

This is original work that has not been submitted anywhere for publication 

Ethics Approval and Consent to Participate 

Not applicable. 

Conflicts of Interest 

The authors declare no competing interests. 

References 
[1] Barnett, J. and O’Neill, S. (2010) Maladaptation. Global Environmental Change, 20, 

211-213. https://doi.org/10.1016/j.gloenvcha.2009.11.004 

[2] Eriksen, S., Aldunce, P., Bahinipati, C.S., Martins, R.D., Molefe, J.I., Nhemachena, C., 
et al. (2011) When Not Every Response to Climate Change Is a Good One: Identifying 
Principles for Sustainable Adaptation. Climate and Development, 3, 7-20.  
https://doi.org/10.3763/cdev.2010.0060 

[3] Magnan, A. (2014) Avoiding Maladaptation to Climate Change: Towards Guiding 
Principles. Sapiens, 7, 1-11. https://sapiens.revues.org/1680  

[4] Magnan, A.K., Schipper, E.L.F., Burkett, M., Bharwani, S., Burton, I., Eriksen, S., et 
al. (2016) Addressing the Risk of Maladaptation to Climate Change. WIREs Climate 
Change, 7, 646-665. https://doi.org/10.1002/wcc.409 

[5] Juhola, S., Glaas, E., Linnér, B. and Neset, T. (2016) Redefining maladaptation. Envi-
ronmental Science & Policy, 55, 135-140.  
https://doi.org/10.1016/j.envsci.2015.09.014 

[6] Scheraga, J.D. and Grambsch, A.E. (1998) Risks, Opportunities and Adaptation to 
Climate Change. Climate Research, 11, 85-95. https://doi.org/10.3354/cr011085 

[7] McCarthy, J.J., Canziani, O.F., Leary, N.A., Dokken, D.J., et al. (2001) Climate 
Change 2001: Impacts, Adaptation, and Vulnerability. Contribution of Working 

https://doi.org/10.4236/oalib.1115418
https://doi.org/10.1016/j.gloenvcha.2009.11.004
https://doi.org/10.3763/cdev.2010.0060
https://sapiens.revues.org/1680
https://doi.org/10.1002/wcc.409
https://doi.org/10.1016/j.envsci.2015.09.014
https://doi.org/10.3354/cr011085


C. A. Shisanya et al. 
 

 

DOI: 10.4236/oalib.1115418 15 Open Access Library Journal 
 

Group II to the Third Assessment Report of the Intergovernmental Panel on Climate 
Change. Cambridge University Press. 

[8] Smithers, J. and Smit, B. (1997) Human Adaptation to Climatic Variability and 
Change. Global Environmental Change, 7, 129-146.  
https://doi.org/10.1016/s0959-3780(97)00003-4 

[9] Schipper, E.L.F. (2009) Meeting at the Crossroads: Exploring the Linkages between 
Climate Change Adaptation and Disaster Risk Reduction. Climate and Development, 
1, 16-30. https://doi.org/10.3763/cdev.2009.0004 

[10] Barnett, J. and O’Neill, S.J. (2013) Minimising the Risk of Maladaptation: A Frame-
work for Analysis. In: Climate Adaptation Futures Hoboken, Wiley-Blackwell, 87-94.  

[11] Barnett, J., Waller, S., O’Neill, S.J. and Rogers, S. (2013) Reducing the Risk of Mala-
daptation in Response to Sea-Level Rise and Urban Water Scarcity. In: Moser, C. and 
Boykoff, M., Successful Adaptation to Climate Change: Linking Science and Policy in 
a Rapidly Changing World, Routledge, 37-48. 

[12] Field, C.B., Barros, V.R., Dokken, D.J., Mach, K.J., et al. (2014) Climate Change 2014: 
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change. Cam-
bridge University Press. 

[13] Noble, I., Huq, S., Anokhin, Y., Carmin, J., et al. (2014) Adaptation Needs and Op-
tions. In: Field, C.B., Barros, V.R., Dokken, D.J., et al., Eds., Climate Change 2014: 
Impacts, Adaptation and Vulnerability. Contribution of Working Group II to the 
Fifth Assessment Report of the Intergovernmental Panel on Climate Change, Cam-
bridge University Press, 833-868. 

[14] Eriksen, S.H. and O’Brien, K. (2015) Vulnerability, Poverty and the Need for Sustain-
able Adaptation Measures. Climate Policy, 7, 337-352.  
https://doi.org/10.1080/14693062.2007.9685660 

[15] Eriksen, S., Schipper, E.L.F., Scoville-Simonds, M., Vincent, K., Adam, H.N., Brooks, 
N., et al. (2021) Adaptation Interventions and Their Effect on Vulnerability in Devel-
oping Countries: Help, Hindrance or Irrelevance? World Development, 141, Article 
105383. https://doi.org/10.1016/j.worlddev.2020.105383 

[16] IPCC (2022) Contribution of Working Group II to the Sixth Assessment Report of 
the Intergovernmental Panel on Climate Change. Cambridge University Press.  

[17] Adger, W.N. (2006) Vulnerability. Global Environmental Change, 16, 268-281.  
https://doi.org/10.1016/j.gloenvcha.2006.02.006 

[18] Robbins, P. (2012) Political Ecology: A Critical Introduction. 2nd Edition, Wiley. 

[19] Lonsdale, K., Pringle, P. and Turner, B. (2015) Transformative Adaptation: What It 
Is, Why It Matters, What Is Needed. UK Climate Impacts Programme, University of 
Oxford.  

[20] Pelling, M. (2010) Adaptation to Climate Change: From Resilience to Transformation. 
Routledge. 

[21] Revi, A., Satterthwaite, D., Aragón-Durand, F., Corfee-Morlot, J., Kiunsi, R.B.R., 
Pelling, M., et al. (2014) Towards Transformative Adaptation in Cities: The IPCC’s 
Fifth Assessment. Environment and Urbanization, 26, 11-28.  
https://doi.org/10.1177/0956247814523539 

[22] Few, R., Morchain, D., Spear, D., Mensah, A. and Bendapudi, R. (2017) Transfor-
mation, Adaptation and Development: Relating Concepts to Practice. Palgrave Com-
munications, 3, Article 17092.  
https://doi.org/10.1057/palcomms.2017.92 

https://doi.org/10.4236/oalib.1115418
https://doi.org/10.1016/s0959-3780(97)00003-4
https://doi.org/10.3763/cdev.2009.0004
https://doi.org/10.1080/14693062.2007.9685660
https://doi.org/10.1016/j.worlddev.2020.105383
https://doi.org/10.1016/j.gloenvcha.2006.02.006
https://doi.org/10.1177/0956247814523539
https://doi.org/10.1057/palcomms.2017.92


C. A. Shisanya et al. 
 

 

DOI: 10.4236/oalib.1115418 16 Open Access Library Journal 
 

[23] Pelling, M., O’Brien, K. and Matyas, D. (2015) Adaptation and Transformation. Cli-
matic Change, 133, 113-127. https://doi.org/10.1007/s10584-014-1303-0 

[24] Ramos-Mejía, M., Franco-Garcia, M. and Jauregui-Becker, J.M. (2017) Sustainability 
Transitions in the Developing World: Challenges of Socio-Technical Transfor-
mations Unfolding in Contexts of Poverty. Environmental Science & Policy, 84, 217-
223. https://doi.org/10.1016/j.envsci.2017.03.010 

[25] Archer, D. and Dodman, D. (2015) Making Capacity Building Critical: Power and 
Justice in Building Urban Climate Resilience in Indonesia and Thailand. Urban Cli-
mate, 14, 68-78. https://doi.org/10.1016/j.uclim.2015.06.007 

[26] Ziervogel, G., Enqvist, J., Metelerkamp, L. and van Breda, J. (2021) Supporting Trans-
formative Climate Adaptation: Community-Level Capacity Building and Knowledge 
Co-Creation in South Africa. Climate Policy, 22, 607-622.  
https://doi.org/10.1080/14693062.2020.1863180 

[27] Opiyo, F., Wasonga, O., Nyangito, M., Schilling, J. and Munang, R. (2015) Drought 
Adaptation and Coping Strategies among the Turkana Pastoralists of Northern 
Kenya. International Journal of Disaster Risk Science, 6, 295-309.  
https://doi.org/10.1007/s13753-015-0063-4 

[28] Gebrehiwot, K., Muys, B. and Haile, M. (2020) Afforestation of Degraded Dryland 
Ecosystems: Does It Improve the Sustainability of Soil and Vegetation? Land Degra-
dation & Development, 31, 142-155.  

[29] Bewket, W. (2003) Towards Integrated Watershed Management in Highland Ethio-
pia: The Chemoga Watershed Case Study. PhD Thesis, Wageningen University. 

[30] Teketay, D. (2000) Facts and Experiences on Eucalyptus in Ethiopia and Elsewhere: 
Ground for Making Wise and Informed Decisions. Walia, 21, 25-46. 

[31] Lemenih, M. and Kassa, H. (2014) Re-greening Ethiopia: History, Challenges and 
Lessons. Forests, 5, 1896-1909. https://doi.org/10.3390/f5081896 

[32] Tsegaye, D., Moe, S.R., Vedeld, P., et al. (2014) Land-Use/Land-Cover Dynamics in 
Northern Afar Rangelands, Ethiopia. Journal of Arid Environments, 100, 1-10.  

[33] Shiferaw, H., Teketay, D. and Nemomissa, S. (2004) Some Biological Characteristics 
That Foster the Invasion of Prosopis juliflora in the Middle Awash Rift Valley Area, 
North-Eastern Ethiopia. Journal of Arid Environments, 58, 135-154.  
https://doi.org/10.1016/j.jaridenv.2003.08.011 

[34] Ahmed, N. and Zewdie, W. (2023) Modeling Invasive Prosopis juliflora Distribution 
Using the Newly Launched Ethiopian Remote Sensing Satellite-1 (ETRSS-1) in the 
Lower Awash River Basin, Ethiopia. In: Applications of Remote Sensing, IntechOpen, 
1-18. https://doi.org/10.5772/intechopen.112180 

[35] Arnall, A. and Hilhorst, D. (2016) Resettlement as Climate Change Adaptation: Con-
tested Aspirations and Emerging Outcomes in an African Context. Geography Com-
pass, 10, 49-61.  

[36] Arnall, A. (2014) A Climate of Control: Flooding, Displacement and Planned Reset-
tlement in the Lower Zambezi River Valley, Mozambique. The Geographical Journal, 
180, 141-150. https://doi.org/10.1111/geoj.12036 

[37] Artur, L. and Hilhorst, D. (2012) Everyday Realities of Climate Change Adaptation 
in Mozambique. Global Environmental Change, 22, 529-536.  
https://doi.org/10.1016/j.gloenvcha.2011.11.013 

[38] Christoplos, I., Rodríguez, T., Schipper, E.L.F., Narvaez, E.A., Bayres Mejia, K.M., 
Buitrago, R., et al. (2010) Learning from Recovery after Hurricane Mitch. Disasters, 
34, 202-219. https://doi.org/10.1111/j.1467-7717.2010.01154.x 

https://doi.org/10.4236/oalib.1115418
https://doi.org/10.1007/s10584-014-1303-0
https://doi.org/10.1016/j.envsci.2017.03.010
https://doi.org/10.1016/j.uclim.2015.06.007
https://doi.org/10.1080/14693062.2020.1863180
https://doi.org/10.1007/s13753-015-0063-4
https://doi.org/10.3390/f5081896
https://doi.org/10.1016/j.jaridenv.2003.08.011
https://doi.org/10.5772/intechopen.112180
https://doi.org/10.1111/geoj.12036
https://doi.org/10.1016/j.gloenvcha.2011.11.013
https://doi.org/10.1111/j.1467-7717.2010.01154.x


C. A. Shisanya et al. 
 

 

DOI: 10.4236/oalib.1115418 17 Open Access Library Journal 
 

[39] Artur, L. (2011) Continuities in Crisis: Everyday Practices of Disaster Response and 
Climate Change Adaptation in Mozambique. PhD Thesis, Wageningen University. 

[40] Olazabal, M., Chu, E. and Ziervogel, G. (2021) The Politics of Climate Adaptation: 
Understanding the Institutional Barriers to Urban Resilience in Sub-Saharan Africa. 
Climate Policy, 21, 745-763.  

[41] Adebisi-Adelani, O., Kehinde Adebisi, J., Oluwayomade Adebisi, M. and Adeyinka 
Ajibade, L. (2025) Climate-smart Agriculture in Action: Insights from the National 
Horticultural Research Institute on Awareness, Utilization, and Constraints. In: Ag-
ricultural Sciences, IntechOpen, 1-16.  
https://doi.org/10.5772/intechopen.1010229 

[42] Adenle, A.A., Wedig, K. and Azadi, H. (2019) Sustainable Agriculture and Food Se-
curity in Africa: The Role of Innovative Technologies and International Organiza-
tions. Technology in Society, 58, Article 101143.  
https://doi.org/10.1016/j.techsoc.2019.05.007  

[43] Doss, C.R. (2018) Women and Agricultural Productivity: Reframing the Issues. De-
velopment Policy Review, 36, 35-50. https://doi.org/10.1111/dpr.12243 

[44] Gabriel, I., Olajuwon, F., Klauser, D., Michael, B. and Renn, M. (2023) State of Cli-
mate Smart Agriculture (CSA) Practices in the North Central and Northwest Zones 
Nigeria. CABI Agriculture and Bioscience, 4, Article 33.  
https://doi.org/10.1186/s43170-023-00156-4 

[45] Abegunde, V.O. and Obi, A. (2022) The Role and Perspective of Climate Smart Ag-
riculture in Africa: A Scientific Review. Sustainability, 14, Article 2317.  
https://doi.org/10.3390/su14042317 

[46] Duvat, V.K.E., Magnan, A.K. and Perry, C.T. (2017) Land Use Planning and Adapta-
tion to Coastal Erosion in Urban Senegal. Environmental Science & Policy, 72, 13-
23.  

[47] Diop, A., Ndiaye, M.L., Sambou, H., Dacosta, H. and Sambou, B. (2017) Integrated 
GIS and Multicriteria Evaluation Approach for Mapping Flood and Vulnerability of 
Buildings in the Grande Niaye Watershed of Dakar, Senegal. American Journal of 
Geographic Information System, 6, 41-53. 

[48] Alvarez, C.I. and Govind, A. (2025) Environmental and Climate Variability in Sene-
gal over the Last Two Decades: A Remote Sensing Approach to Assessing Climate 
Vulnerability in a Sahelian Country. Remote Sensing Applications: Society and Envi-
ronment, 38, Article 101584. https://doi.org/10.1016/j.rsase.2025.101584 

[49] Hungerford, H., Smiley, S., Blair, T., Beutler, S., Bowers, N. and Cadet, E. (2019) Cop-
ing with Floods in Pikine, Senegal: An Exploration of Household Impacts and Pre-
vention Efforts. Urban Science, 3, Article 54.  
https://doi.org/10.3390/urbansci3020054 

[50] Schaer, C., Thiam, M.D. and Nygaard, I. (2018) Flood Management in Urban Senegal: 
An Actor-Oriented Perspective on National and Transnational Adaptation Interven-
tions. Climate and Development, 10, 243-258.  
https://doi.org/10.1080/17565529.2017.1291405 

[51] Binyam, A.Y. and Desale, K.A. (2015) Rainwater Harvesting: An Option for Dry Land 
Agriculture in Arid and Semi-Arid Ethiopia. International Journal of Water Re-
sources and Environmental Engineering, 7, 17-28.  
https://doi.org/10.5897/ijwree2014.0539 

[52] Gebul, M.A. (2012) Trend, Status, and Challenges of Irrigation Development in Ethi-
opia—A Review. Sustainability, 13, Article 5646.  
https://doi.org/10.3390/su13105646 

https://doi.org/10.4236/oalib.1115418
https://doi.org/10.5772/intechopen.1010229
https://doi.org/10.1016/j.techsoc.2019.05.007
https://doi.org/10.1111/dpr.12243
https://doi.org/10.1186/s43170-023-00156-4
https://doi.org/10.3390/su14042317
https://doi.org/10.1016/j.rsase.2025.101584
https://doi.org/10.3390/urbansci3020054
https://doi.org/10.1080/17565529.2017.1291405
https://doi.org/10.5897/ijwree2014.0539
https://doi.org/10.3390/su13105646


C. A. Shisanya et al. 
 

 

DOI: 10.4236/oalib.1115418 18 Open Access Library Journal 
 

[53] Gebru, B.M., Lee, W.K., Khamzina, A., Lee, S. and Negash, E. (2019) Hydrological 
Response of Dry Afromontane Forest to Changes in Land Use and Land Cover in 
Northern Ethiopia. Remote Sensing, 11, Article 1905.  
https://doi.org/10.3390/rs11161905 

[54] Bewket, W. and Sterk, G. (2004) Dynamics in Land Cover and Its Effect on Stream 
Flow in the Chemoga Watershed, Blue Nile Basin, Ethiopia. Hydrological Processes, 
19, 445-458. https://doi.org/10.1002/hyp.5542 

[55] Tedros, A.G., Mitiku, H., Karen, H.W., Asfaw, G., et al. (1999) Incidence of Malaria 
among Children Living Near Dams in Northern Ethiopia. British Medical Journal, 
319, 663-666. 

[56] Feleke, H.G., Amdie, T.A., Rasche, F., Mersha, S.Y. and Brandt, C. (2025) Climate on 
the Edge: Impacts and Adaptation in Ethiopia’s Agriculture. Sustainability, 17, Arti-
cle 5119. https://doi.org/10.3390/su17115119 

[57] Abdillah, A., Widianingsih, I., Buchari, R.A. and Nurasa, H. (2025) Adapting to Cli-
mate Change and Multi-Risk Governance: Toward Sustainable Adaptation and En-
hancing Urban Resilience—Indonesia. Discover Applied Sciences, 7, Article No. 81.  
https://doi.org/10.1007/s42452-025-06491-7 

 
 
 

https://doi.org/10.4236/oalib.1115418
https://doi.org/10.3390/rs11161905
https://doi.org/10.1002/hyp.5542
https://doi.org/10.3390/su17115119
https://doi.org/10.1007/s42452-025-06491-7

	When Not Every Adaptation to Climate Change Works: Evidence from Sub-Saharan Africa
	Abstract
	Subject Areas
	Keywords
	1. Introduction
	2. Brief History of the Maladaptation Debate
	3. Review Methods
	4. Theoretical Conceptualization of Climate Change Maladaptation
	5. Conceptual Framework
	6. Evidence of Climate Change Maladaptation in SSA
	6.1. Irrigation-Induced Conflict in Turkana, Kenya
	6.2. Afforestation with Invasive Species in Ethiopia
	6.3. Planned Resettlement in Zambezi Valley, Mozambique
	6.4. Exclusion in Climate-Smart Agriculture in Nigeria
	6.5. Coastal Defense and Displacement in Dakar, Senegal
	6.6. Water Harvesting and Equity in Tigray, Ethiopia

	7. Limitations of the Study
	8. Conclusions
	Acknowledgements
	Author Contributions 
	Funding 
	Data Availability
	Consent for Publication
	Ethics Approval and Consent to Participate
	Conflicts of Interest
	References

