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Abstract: Sub-Saharan Africa (SSA) has been identified by the Intergovernmental Panel on Climate
Change (IPCC) as being the most vulnerable region to climate change impacts. A major concern is the
increase in extreme weather events (EWE) such as storms, floods, droughts, heatwaves, wildfires, and
landslides in SSA and their potential to affect the health and well-being of children and adolescents.
The objective of this systematic review is to examine the direct and indirect impacts of EWE on the
mental health of children and adolescents living in SSA, in order to inform protective adaptation
strategies and promote resilience. A meta-analysis will not be possible, since the assumption is
that limited studies have been published on the EWE-associated mental health impacts on children
and adolescents living in SSA and that those studies that are available are heterogenous. There is
acknowledgement in the global literature of the need to highlight child and adolescent mental health
more prominently in climate change health strategies and policies. It is vital that adaptation strategies
are informed by research on risk prevention and promotion of resilience to ensure the mental health
of children and adolescents is protected.

Keywords: extreme weather events; climate change; children; adolescents; pediatrics; mental health;
resilience; sub-Saharan Africa; global warming; adaptation

1. Introduction

Sub-Saharan Africa (SSA), which is developing significantly and boasts extensive diversity
culturally, ecologically and climatically, has been identified by the Intergovernmental Panel on
Climate Change (IPCC) as being the most vulnerable region to climate change impacts, both directly
and indirectly [1]. One major impact of climate change is an increase in extreme weather events
(EWE). These events are expected to adversely impact mental health, especially that of children and

Atmosphere 2020, 11, 493; doi:10.3390/atmos11050493 www.mdpi.com/journal/atmosphere

http://www.mdpi.com/journal/atmosphere
http://www.mdpi.com
https://orcid.org/0000-0001-5292-8909
https://orcid.org/0000-0002-5236-3976
https://orcid.org/0000-0002-3979-5782
http://www.mdpi.com/2073-4433/11/5/493?type=check_update&version=1
http://dx.doi.org/10.3390/atmos11050493
http://www.mdpi.com/journal/atmosphere


Atmosphere 2020, 11, 493 2 of 12

adolescents [2–4]. What is less understood is the impact of EWE on sub-Saharan African children’s
and adolescents’ mental health. The focus of the proposed review, therefore, is on the direct and
indirect impacts of EWE on child and adolescent mental health in SSA, highlighting evidence gaps for
future research, as well as the factors and processes that protect children and adolescents in SSA from
negative mental health outcomes relating to EWE exposure. A resilience perspective is crucial to all
efforts to optimally prepare and respond to how EWE impact child and adolescent mental health [5].

The emphasis on mental health, rather than illness, transcends the health risks associated with
EWE to include investigation of what is known about factors that protect mental health in the face of
EWE and promote child and adolescent resilience. Children are the canaries in the climate change mine
shaft. We currently have limited empirical evidence of the health impacts on children and particularly
in relation to mental health [6]. The 2019 report on the Lancet Countdown on Health and Climate
Change drew attention to the need to prevent children’s health from being defined by climate change
impacts. A focus on mental health impacts from EWE was absent, however. Even though scholars and
practitioners have begun to acknowledge the role of resilience in the mental health of children exposed
to EWE [7], most studies are preoccupied with risk factors rather than resilience-enabling ones [4].
Will we have to wait another 10–20 years for research to show these impacts before prevention measures
are adequately in place, or are there data available to invoke the precautionary principle to protect
children’s mental health from EWE? Adaptation plans and resilience processes need information about
children’s vulnerabilities and resources to adequately put protection measures in place. With the
assumption that “adaptation is fundamentally about risk management” the key issue is that we need
clarity on what the risks are, along with what buffers these risks, in order to put relevant protection
mechanisms into place [1].

The global rise in EWE (e.g., storms, floods, droughts, heatwaves, wildfires, landslides) [8] has the
potential to influence (directly and indirectly) the health and well-being of affected communities in
different ways, which in turn influences the health of children and adolescents [4,9,10]. The direct and
negative impacts include decreased mental well-being, impacts on those with existing mental disorders,
physical injuries, and impacts on respiratory, cardiovascular and reproductive systems. The indirect
impacts include displacement, migration, famine and malnutrition, degradation or destruction of
health and social care systems, conflict, and economic and social losses [11–16] all of which can affect
the mental health and well-being of children and adolescents.

1.1. Extreme Weather Events in Sub-Saharan Africa

Extreme weather events linked to climate change are increasing in frequency and severity globally,
including in SSA [17–19]. These events, which vary geographically, are predicted to affect food and water
security and the nutritional status of children, as well as to increase aeroallergens, increase the incidence
of vector-borne diseases, and increase injuries [20,21]. There is regional variation in the patterns of
climate change within the four main regions - Central Africa, East Africa, West Africa and Southern
Africa—which will impact on differing EWEs to occur in the different regions. Given the climate
projections for SSA, weather changes will include, temperature changes—that is, warming (especially
for inland subtropics); extreme heat events—that is, temperature rises (particularly in tropical West
Africa); and precipitation changes—that is, an increase in drier and a decrease in wetter conditions in
different SSA regions (i.e., increase in aridity), and changes in rainfall patterns (e.g., increasing in East
Africa (wetter)—and decreasing in southern Africa (dryer) [22,23]. The impact of these weather changes
will lead to continued and increasing EWE such as, increasing heat-wave days and high fire-danger
days, heavy precipitation (e.g., increasing flooding in East Africa), an increase in cyclones in South East
African Coastal areas, increase in heavy rain storms and increasing droughts in Southern Africa [22–26].
The physical risks that EWE will impose on children and adolescents include dehydration, drowning,
physical injury, exposure to polluted water and increased violence [17].
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1.2. Defining Children and Adolescents

In this review, we define children and adolescents within practiced conventions. Children are
considered to be under 10 years and adolescents from 10–19 years. This is in recognition that the
literature forming part of this review will have used this convention. We, however, wish to acknowledge
that recently, Sawyer and colleagues (2018) have argued that the age range of adolescence be extended
from 10–19 to 10–24 to better fit with how adolescence plays out in the 21st century [27]. This extended
range fits better with traditional African definitions of youth (i.e., young people up to the age of 35)
and should be promoted in future research and reviews on SSA [28]. Furthermore, conceptualizing
adolescence more generously as 10–24 fits with the liminal reality of most SSA young people, namely that
socioeconomic stressors delay socially sanctioned enactments of adulthood, such as purchasing property
or living independently [29]. We hope that in the future more literature will cite studies that include
adolescents until the age of 24.

Children and adolescents are particularly at high risk from the potential health effects associated
with climate change in general and from EWE in particular; including mortality [14,30]. Despite this,
children and adolescents (including those in SSA) are a marginal focus of international negotiations,
other relevant discussions and often excluded from adaptation strategies [31].

1.3. Short and Long-Term Health Risks for Children and Adolescents Exposed to EWE

In the climate change literature, there is an indication that all EWE pose potential negative mental
health impacts on those exposed (both those with and without pre-existing mental health disorders).
Children and adolescents are disproportionately vulnerable to the health impacts from climate change
and resulting EWE [7,32–35]. More to the point, SSA children and adolescents constitute most of
the people of SSA [36] and are the future leaders, parents, and workers [37]. Moreover, by 2050
more than one in three children will be living in SSA [38]; by 2080, SSA could have more youth than
Asia [39]. The health and well-being of this sizeable population is, therefore, an important mandate [40].
With continued evidence of increasing EWE, particularly in SSA, there is a need to understand EWE
impacts on SSA child and adolescent mental health, as well as preventive and coping measures.

Children are not little adults given their developing systems, physiological differences,
behavioral differences (e.g., hand-to-mouth, spending more time on the ground, breathing in more air,
engaging in risk-taking behaviours), and longer life expectancy. Thus, exposures to climate induced
EWE affect the biological, psychosocial and cognitive development of children and adolescents,
[41] who may have more intense mental health symptoms than adults [42]. There is an indication that
adolescent girls living in low- and middle-income countries (LMICs) may be particularly vulnerable to
the negative impacts of climate change and potentially from EWE [43]. One question is whether girls
living in SSA should be specifically targeted in adaptation strategies given the gender dimension of
climate change [44].

Although the mental health literature refers to environmental stressors and adverse childhood
experiences [45], the focus on the impact of climate change, particularly for EWE is limited [46].
For example, the World Health Organization’s Mental Health Gap Action Plan (2010) does not include
climate change as a risk factor [47]. The 2018 Lancet Commission on Mental Health and the Sustainable
Development Goals (SDGs) calls attention to the need to draw out more focus of climate change
impacts on mental health, but specific focus on the impacts of EWE on child and adolescent health
is missing [46]. Owen and colleagues highlight the health systems gaps in SSA, particularly for
diagnosing and treating children and adolescents where there is a lack of African validated tools and
call for more research particularly as the impact from EWEs is missing [48]. It is rather the literature
from high-income countries (HICs) that predominately highlights the potential associated mental
health risks after an EWE event such as post-traumatic stress disorder (PTSD), anxiety disorders,
depression symptoms and behavioral disorders [3,49]. Although the associations are documented,
prevalence estimates for these associations are limited. Kar and colleagues attempted to provide
clinical verification of mental and behavioral disorders, using an international checklist, for Indian
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children and adolescents exposed to an EWE [50]. It is not clear whether other LMICs have adapted
diagnostic tools from HICs or developed their own that could be used in Africa.

Studies from other regions have illustrated potential mental health impacts and risk factors
from EWE [51,52]. In the United States, for example, children have been affected by mental
health problems following natural disasters indicating direct effects (e.g., Hurricane Sandy; [53]).
Observed effects include adverse impacts to children’s cognitive development, capacity to regulate
emotions, and academic performance [54,55]. A review describing increasing events of heavy
precipitation and flooding in Germany argues that the indication is that children and adolescents
are experiencing psychological effects, but that there is a need for more country-specific research [3].
A Polish study identified a higher trauma impact on student participants, aged 11–21, who were
young and female after being exposed to a flood [56]. Risk factors include time spent in risk-prone
areas, access to support networks, and timely treatment. The concern is that if left untreated,
these mental health impacts could extend into adulthood. Another risk factor from exposure to an
EWE on mental health is related to sleep and particularly the lack of sleep linked to EWE, with the
current literature focusing on hurricanes, resulting in poor sleep quality and PTSD symptoms [16,57].
Furthermore, studies on the disruptive nature of EWE indicate an impact on mental health resulting
from the effect on families, home life and the disruption of school attendance indicating indirect effects
(e.g., in Mongolia) [21,58–60]. The data from LMICs appear to be limited. This systematic review will
aid in identifying the gaps in the literature.

1.4. Resilience and Adaptation to EWE

Understanding the impacts and complexities surrounding immediate and long-term impacts of
EWEs on children in general and SSA in particular is vital for adaption planning within multiple sectors
(e.g., health, environment, planning, finance), and for already stressed and under-resourced health
systems. Simultaneously, it is vital to understand what protects the mental health of SSA children
and adolescents who are exposed to an EWE. Although there is a robust literature on the promotive
and protective factors and processes that enable child and adolescent resilience, it is largely based on
studies outside of SSA and studies that examine resilience to risks other than EWE [5]. Little is known
about the adaptive capacity of children and adolescents in SSA who already face stressors from poverty,
political and economic instability, burden of diseases, to name a few, and where the current adaptation
capacity for climate change in general, and the health sector specifically, is inadequate [26,61].

Our intention is that the findings of this review will provide researchers and policy makers with
information about resilience-enabling mechanisms and mental health indicators—both for SSA and
global publications such as the Lancet Countdown on climate change and health [20,62]—that advance
adaptation strategies, as well as general health policies and strategies that will provide prevention
of child and adolescent mental health difficulties associated with EWE in SSA. Although there is
recognition that direct and indirect effects of climate change on mental health are complex and
challenging [11,20], the intention is that the literature will provide information for adaptation plans to
be more nuanced to include child and adolescent mental health. Our goals also are to promote resilient
health care infrastructures (including developing mental health diagnostic tools appropriate for SSA),
to promote adequate risk communication to prevent mental health risks before and during EWE,
to increase commitment to improving training of health care providers and educators in child mental
health, as well as to inform the development of appropriate interventions, including school-based
interventions [17,48,58,63].

Defining Child and Adolescent Resilience

In this review, we will define child and adolescent resilience from a social-ecological or systemic
perspective. From this perspective, resilience is a dynamic process that supports positive outcomes
(such as normative development or mental health) despite exposure to risk (such as EWE). The process
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relies on the interaction of resources found within the child or adolescent (such as the stress response
system) as well as within relational, sociocultural, and ecological systems [64,65].

2. Methods and Design

This systematic review will be performed according to the 2009 Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines [66–68]. We will analyze research-based
publications to highlight that sub-Saharan African children and adolescents need to be central
to international agreements and dialogue to promote transgenerational justice and solidarity.
To substantiate our argument, we will conduct a systematic review of the relevant quantitative
and qualitative literature. We acknowledge that an update of the PRISMA guideline will be published
in 2020. This approach will be used to map the existing literature on EWE impact on the mental health
of children living in SSA.

2.1. Research Objectives

The aim of this review is to identify what the EWE-related risk and resilience factors are for the
mental health of children and adolescents living in SSA.

The objectives of this systematic review are to:

1. Identify existing research linked to EWE impacts (direct and indirect) on child and adolescent
mental health in SSA.

2. Identify potential risk and resilience factors in relation to EWE, as well as research gaps.

2.2. Review Questions

The main questions for this review are:

1. What impact/s (direct and indirect) are EWE having on sub-Saharan African child and adolescent
mental health?

2. What resilience processes and adaptation measures are currently in place or proposed in SSA to
protect children and adolescent mental health from EWE?

2.3. Systematic Review

A systematic review will be conducted. The studies will be selected using the following inclusion
and exclusion criteria.

2.3.1. Inclusion Criteria

The criteria for included studies in this systematic review are:

• Articles in English only. Since French and Portuguese are key languages in SSA, we ran a test
search in PubMed filtering to Sub-Saharan Africa and by date 1989–2020. We found a total of 164
papers of which four were in French and none in Portuguese. The four French papers were not
relevant and thus we will only include English articles.

• Articles linked to an extreme weather event within the past 30 years.
• Peer-reviewed journal articles.
• Articles in relation to children’s and/or adolescents’ exposure to extreme weather events and

impacts on their mental health.
• Children are defined as newborn to less than 10 years old.
• Adolescents are defined as 10–19 years old.
• Research on participants living in SSA.
• Studies on SSA migrants living in non-SSA countries who were exposed to an EWE in SSA.
• All study designs—qualitative, quantitative, and mixed.
• Type of publication—original studies, systematic and scoping reviews, letters and comments.
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2.3.2. Exclusion Criteria

Studies meeting the following criteria will be excluded from the systematic review:

• Articles about children in Algeria, Egypt, Libya, Morocco and Tunisia and outside of Africa.
• Articles covering normal psychology or cognition.
• Articles that include mental health tangentially (e.g., in the recommendations).
• Multiple articles based on the same data set. The article to be included will be the one that

provides the clearest evidence of mental health impacts of EWE for children.

2.3.3. Search Strategy

The search strategy will be protocol driven, and will use “snowballing” and citation tracking to
identify relevant articles.

In order to identify relevant research, the search strategy listed in Table 1 of the protocol will be
used. Articles retrieved using the stated search strategy will be populated into EndNote. Studies will be
retrieved using the following databases: MEDLINE via PubMed (bibliographic database of life sciences
and biomedical information), Academic Search Premier, Africa-Wide, CINAHL (Cumulative Index of
Nursing and Allied Health Literature), ERIC (Education Resources Information Center), Health Source
Nursing Academic, PsycARTICLES (database of peer-reviewed articles published by the American
Psychological Association and affiliated journals), PsycINFO (American Psychological Association
database of peer-reviewed literature in behavioral science and mental health) (all via EBSCOHost
platform), Scopus (which includes contents of Embase), Web of Science Core Collection, Biological
Abstracts, SciELO Citation Index, KCI-Korean Journal Database, and Russian Science Citation Index
(all via Web of Science platform). Databases will be searched for the period 1989 to the date of the
actual search.

Table 1. PubMed Search strategy, modified as needed for other electronic databases.

Population:

#1 MeSH terms:

Infant
Child
Adolescent
Young adult

#2 Text Word:

adolescent OR adolescents OR adolescence OR babies
OR baby OR boy OR boys OR child OR children OR girl
OR girls OR infant OR infants OR neonate OR neonates
OR newborn OR pediatric OR paediatric OR prenatal OR
teen OR teenager OR teenagers OR teens OR toddler OR
toddlers OR young adult or youth OR youths

#3 #1 OR #2

Issue:

#4 MeSH terms:
Weather
Climatic Processes
Disasters
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Table 1. Cont.

#5 Text Word:

avalanche OR avalanches OR climate change OR cyclone
OR cyclones OR cyclonic OR drought OR droughts OR
El Nina OR La Nina OR El Nino OR La Nino OR El
Nino-southern oscillation OR extreme cold OR extreme
heat OR extreme precipitation OR extreme temperature
OR flood OR floods OR flooding OR global warming OR
heat wave OR heatwave OR heavy precipitation OR
heavy rain OR heavy rainfall OR global warming OR
hurricane OR hurricanes OR landslide OR landslides OR
mudslide OR mudslides OR natural disasters OR storm
OR storms OR tidal wave OR tidal waves OR tornado
OR tornadoes OR tsunami OR tsunamis OR wildfires OR
weather OR weather-driven

#6 #4 OR #5

Evaluation:

#7 MeSH terms:
Mental Health
Mental Disorders
Adaptation, Psychological

#8 Text Word:

alcohol use OR alcohol abuse OR anxiety OR attachment
disorders OR cognition OR cognitive OR coping OR
depression OR depressive OR drug use OR drug abuse
OR emotion OR emotions OR emotional OR mental OR
mood OR phobias OR post-traumatic OR posttraumatic
OR PTSD OR psychological OR psychology OR
psychosocial OR resilience OR resiliency OR sleep
disorders OR substance abuse OR substance use OR
temperament OR traumatic OR vulnerability OR
vulnerable populations

#9 #7 OR #8

#10 #3 AND #6 AND #9

#11 Filter Sub-Saharan Africa filters
Date 1989-2020

#12 #10 AND #11

Reference lists of relevant papers retrieved by the search will be reviewed in order to identify
additional papers as a means of “snowballing” [69]. Forward citation tracking of selected articles
will be used to identify further relevant papers using citation tracking databases (e.g., Web of Science,
Scopus, Ovid databases) [69].

2.3.4. Methods for Study Selection

Publications will be selected based on the review of titles and abstracts that were retrieved through
the search strategy by two independent reviewers to ascertain eligibility. References will be excluded
in line with the exclusion criteria. Publications fulfilling the inclusion criteria will be selected for a full
text review. Any disagreements resulting in the selection of publications for full assessment will be
re-evaluated, and if necessary, resolved through discussion with a third reviewer. The same reviewers
will conduct full publication screening.

2.4. Data Extraction

This research will use a data extraction form to collect the data from each study. This form
will be developed by the research team based on previously published and relevant data extraction
forms [70,71]. Data extraction will be conducted independently by two authors. Both individuals
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will synthesize the selected publications by completing the spreadsheet developed by the research
team. If there are disagreements during the data extraction process between these two members these
will be discussed in order to reach consensus. Should this prove difficult, then a third team member
will arbitrate.

Information and data will be extracted from the selected publications into an Excel spreadsheet
created to record the characteristics and findings of the studies. Effects will be classified as direct
or indirect from EWE based on the way the publication has reported the effects and whether or
not there are intermediary events between exposure to EWE and mental health impacts, or other
mediation effects. Based on the current literature, the authors will create categories of direct and
indirect effects. The direct effects will include those following an exposure to high temperatures and
heat, floods, storms, wildfires, droughts and landslides. Indirect effects, resulting in a disruption to
children or adolescent’s living situation, will be classified into categories identified by the authors
such as, amplification of household social determinants of health (e.g., poverty, household economics),
change in household structure (loss of parents, migration), and change in individual life structure
(e.g., disruption of education). Where the publication does not state specifically, direct or indirect
effects will be assessed by the research team based on existing literature. For example, studies that
identify mental health impacts following displacement or migration may be classified as indirect if
these effects are not identified as directly linked to the EWE.

Authors will not be contacted for incomplete data because this is beyond the scope of the review.
The characteristics to be documented from all selected studies include: design of the study/data
source, type of publication, study setting and geographic location (e.g., country, rural, urban), year of
publication, year of event, target population characteristics (e.g., age range and sex if possible),
extreme weather events referred to (both specific and general), mental health focus and impacts,
sample size, research method, main findings (including outcome measures and those relating to risk
and resilience), details to assess the risk of bias, recommendations and key limitations.

2.5. Ethics

Because the studies that will be retrieved will not contain identifiable data (i.e., not linkable to any
individual), this systematic review does not require ethics approval. The proposal, however, has been
submitted on PROSPERO (International Prospective Register of Ongoing Systematic Reviews [72]).
The Reference Number is pending.

2.6. Risk of Bias Assessment

For each study selected, two members of the research team will independently review the papers
for risk of bias. If there are differences in assessment between these two members these will be
discussed in order to reach consensus. Should this prove difficult to achieve, then a third member of
the team will play an arbitration role. The studies will be reviewed individually to assess whether
the risk is low, high or unclear with both team members presenting the results in a table. The table
will cover several elements, for example, selection bias (allocation concealment and random sequence
generation), performance bias (blinding of participants or personnel where relevant), detection bias
(blinding of outcome assessment), attribution bias (incomplete outcome data), reporting bias (selective
reporting), transparency bias (industry funding, disclosed conflict of interest) and any others detected.
The table categories will be designed by team members based on the literature reviewing tools for
assessing risk of reporting biases [73]. These will be qualitatively assessed in relation to the expected
impact on bias. The team will determine, after completing the table, what constitutes a “high risk of
bias” and “high proportion” of studies which have a high risk of bias.

2.7. Data Synthesis

An independent consultant will be hired to run the searches based on the search strategy developed
by the authors (research team) in May 2020. A narrative synthesis of the selected studies will be
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summarized in tables, as well as a narrative report written [74]. We are assuming meta-analysis will
not be possible since we anticipate that limited studies will have been published on the mental health
impacts from EWE on children and adolescents living in SSA. Furthermore, the studies that will be
selected most likely will not have homogenous methods and therefore cannot be synthesized into
a meta-analysis. For the quantitative studies selected, a meta-synthesis approach will be used [75].
The research team for this synthesis work (the authors of this paper) are from diverse backgrounds.
The intention is to document the factors identified in the studies as potential mental health risks that
should be addressed, or at least reviewed, for national adaptation strategies in SSA.

3. Conclusions

This systematic review will provide insights into risks (direct and indirect) and resilience for
sub-Saharan African children and adolescents exposed to EWE with a focus on the impacts on child and
adolescent mental health. The review will include both impacts that are both direct (following exposure
to an EWE) and indirect (following a disruption to the living situation of children or adolescents
such as forced migration, disruption of the family unit or caregiver capacity, or other disruption
caused by the EWE). The intention is that this review will highlight key risk and resilience factors
needing to be addressed by national adaption strategies, as well as climate change discussions globally,
hopefully resulting in the development of specific EWE and mental health indicators for children
and adolescents. The findings of this review will also be informative for general health policy and
strategies to improve health systems management of mental health impacts from EWE on children
and adolescents.

Limitations

One of the study’s limitations is that only peer-reviewed articles in English will be included and
this will then exclude research that may have been conducted in other languages particularly relevant
to Francophone and Lusophone African countries.
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