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Abstract 
Introduction: Children in low-income countries are projected to suffer the most from climate 
change. How child health is impacted in low-income countries is a field that is not yet fully 
developed with most literature published on middle- and high-income countries. Malawi is 
increasingly suffering from climate change due to extreme weather events. The effects of 
climate change could possibly impact progress towards achievement of the Sustainable 
Development Goals. This thesis was written with the objective to discuss the main health 
effects of climate change on all children in Malawi. Due to large scope of this subject this 
thesis focusses on undernutrition, infectious diseases and air pollution.  

Methodology: A literature review was performed using the conceptual framework published 
by Helldén et al. “Climate change and child health”. Results were organised corresponding 
to the framework in the following chapters: Climate change and Malawi, Direct and indirect 
effects, Increased risk of disease and Child health effects. If no information was found on 
Malawi, surrounding countries or the larger regions were used to discuss possible effects. 
The discussion was organised following the most impacted SDG’s namely 1 to 6.  

Results: Malawi is impacted by increased extreme weather events (floods, droughts, storms) 
which cause 1) direct and indirect increases of morbidity (injuries, infectious diseases) and 
mortality (drowning, direct impacts) 2) increased food insecurity leading to increased chronic 
and acute undernutrition 3) decreased educational attainment 4) decreased access to health 
care and 5) crippling infrastructure damages leading to forced migration and impacts on 
government financing. Temperature is expected to increase with 1.6-2.0°C in 2050 and 
possibly 2.3-6.3°C in 2090. Rainfall is expected to be more variable meaning more dry spells 
and more high intensity rain with no impact on mean annual rainfall. This could increase 1) 
water stress through increase evaporation 2) reduce crop yields leading to increases in 
undernutrition 3) affect education outcomes through increased ambient temperatures 4) 
increase air pollution by ozone and particulate matter leading to respiratory disease and 
possibly adverse perinatal outcomes 5) increased exposure to infectious diseases through 
changing vector patterns for malaria and possibly schistosomiasis and increased exposure 
to water borne diseases. 

Discussion: Malawi is currently not on a trajectory to achieve SDG goal 1 (eliminate poverty) 
and SDG 2 (reduce stunting) in which climate change plays a considerable role. Progress on 
the targets for U5MR (3.2.1.), ending the malaria epidemic (3.3.3.), mortality due to air 
pollution and unsafe WASH circumstances (targets 3.9.1 and 3.9.2), educational attainment 
(target 4.1 and 4.2), eliminate gender based violence and access to sexual and reproductive 
health services (target 5.2 and 5.6) could be severely compromised by the effects of climate 
change. There is a considerable knowledge gap on the effects of heatwaves, air pollution, 
impact on inland lakes and fish stocks/pollution which needs to be addressed.  

Recommendations: to Ministry of Health to address the knowledge gaps needed to make 
effective adaptation policies, to the revising committee of the NDC’s to use these results for 
making the NDC more child sensitive, to the revising committee of the National Resilience 
Strategy consider expanding child targeted policies, to the Dutch societies of health 
professionals, use advocacy to strive for effective climate change mitigation steps. 

Key words: Climate change, child health, Malawi, SDG 
Word count: 13192  



iii 
 

Table of contents 
            Page 
1. Abstract            
2. Table of contents            
3. List of tables and figures           
4. Abbreviations           
5. Definition of terms          
6. Background          1 

6.1. Climate change and global health        
6.2. Climate change and global child health       
6.3. The first 1000 days         2 
6.4. The Republic of Malawi         
6.5. Malawi’s health system and economic situation     3 
6.6. Malawi and child health         
6.7. Malawi and climate change        4 
6.8. Policies on climate change        5 

7. Problem statement and justification       6 
8. Objectives           8 
9. Methods and analytical framework        

9.1. Selection of analytical framework       9 
9.2. Search strategy         10 
9.3. Selection strategy          
9.4. Data analysis           

10. Results            
10.1. Chapter 1: Effects of climate change on Malawi    12 
10.2. Chapter 2: Direct and indirect effects      16 
10.3. Chapter 3: Increased risk of disease      22 
10.4. Chapter 4: Child health effects       26 

11. Discussion          30 
12. Conclusion and recommendations       36 
13. References          37 
14. Annexes 

14.1. Annex 1: Figures        53 
14.2. Annex 2: Tables        69 
14.3. Annex 3: Malawi’s Health system      77 
14.4. Annex 4: Malawi’s Economic situation     79 
14.5. Annex 5: Supplementary information      80 
14.6. Annex 6: Consequences of extreme weather events   85 
14.7. Annex 7: Calculating the AARR      87 
14.8. Annex 8: Nutritional value of Nsima      88 
14.9. Annex 9: On the author       91 

 
 
 
 
 



iv 
 

List of tables and figures:  
 
Table 1   Country information: The Republic of Malawi 
Table 2   UN Population Prospects 2019 Malawi 
Table 3   Causes of child death in Malawi for children under 5 and 5-19 year 
Table 4   Health indicators: The Republic of Malawi 
Table 5   HIV/AIDS indicators Malawi  
Table 6   Economic indicators: The Republic of Malawi 
Table 7   Search strategy for analytical framework 
Table 8   Search strategy for potential adjustments or additions to the framework 
Table 9   Key words used in search strategy 
Table 10  CCRA 2014 estimations for Eastern Sub-Saharan Africa 
Table 11  Databases searched 
Table 12  Websites searched of government of Malawi 
 
Figure 1 Children caught in a vicious cycle  
Figure 2   CCRI conceptual model: pillars and components 
Figure 3  Cause of under 5 deaths 1990 vs 2019 Malawi, both sexes 
Figure 4   Recurrence of food insecure populations > 30% (2009-2013) 
Figure 5   Malawi ICA 2014, combined drought and flood risk by district 
Figure 6   AR5 Synthesis report SPM 
Figure 7   Current and future climate Malawi 
Figure 8   The Earth’s Carbon Budget visualised  
Figure 9  HIV/AIDS indicators Malawi 
Figure 10  Trump ending the war on beautiful clean coal 
Figure 11  Climate change and child health: an expanded framework 
Figure 12  Mechanisms of how ecosystem change can affect human health 
Figure 13  The pathways between climate change and human health 
Figure 14  Sustainable livelihoods framework 
Figure 15  Climate change effecs as distal (left) and proximal (right) determinants 
Figure 16  Graphical representation used in design of LS-SEHD / GLOBE study 
Figure 17  Main determinants of health model by Dahlgren and Whitehead 
Figure 18  Conceptual framework for action on the SDH by the CSDH 
Figure 19  Natural hazards in Malawi (World Bank) 
Figure 20  Annual rainfall for Malawi in 34 CMIP5-models 
Figure 21  Percentage change in mean days rainfall and rainfall per rainy day 
Figure 22  Time series of mean annual temperature (C°) for 34 CMIP5 models 
Figure 23  Flooded village in Lower Shire in 2015 after the highest rainfall on record 
Figure 24  Destroyed crops during the floods 
Figure 25  Internal displacements after disasters in Malawi 
Figure 26  The Sustainable Development Goals 
Figure 27  Alterations to the analytical framework 
  



v 
 

Abbreviations 
 
AIDS Acquired Immunodeficiency 

Syndrome 
 MICS Multiple Indicator Cluster Survey 

AR Assessment Report  NAPA National Adaptation Plan for 
Action 

ARV Antiretroviral therapy (for 
HIV) 

 NDC Nationally Determined 
Contribution 

CCRA Climate Change Risk 
Assessment 

 PLWHA People Living With HIV/AIDS 

CCRI Children’s Climate Risk 
Index 

 PM 2.5 
PM 10 

Particulate Matter smaller than 
2.5μm 
Particulate Matter smaller than 
10μm  

CO2  Carbon dioxide  PMTCT Prevention of Mother to Child 
transmission of HIV 

COP Conference of the Parties 
to the Convention 

 PTB Preterm Birth 

COVID Corona-Virus Disease  RCP Representative Concentration 
Pathway 

DALY Disability adjusted life year  SAM Severe Acute Malnutrition 
DD Decimal Degrees  SDG Sustainable Development Goal 
EWE Extreme weather events  SFP Supplementary Feeding Programs 
GDP Gross Domestic Product  SGA Small for Gestational Age 
GNI Gross National Income  UN United Nations 
HIPC Highly Indebted Poor 

Countries 
 U5MR Under 5 Mortality Rate 

HIV Human Immunodeficiency 
Virus 

 UNFCCC United Nations Framework 
Convention on Climate Change 

IMF International Monetary 
Fund 

 UNICEF United Nations Children’s Fund 

IPCC International Panel on 
Climate Change 

 USD  United States Dollar 

LBW Low Birth Weight  WASH Water, Sanitation and Hygiene 
LDC Least Developed Country  WG Working Group 
LIC Low Income Country  WHO World Health Organization 
MAM Moderate Acute 

Malnutrition 
   

 
 
 
 
 

 
 
 
  



vi 
 

Definition of terms:  
Child: every human being below the age of eighteen years unless under the law applicable 
to the child, majority is attained earlier (1).  

Climate: The classical period for averaging the mean and variability of relevant quantities 
such as temperature, precipitation and wind is 30 years, as defined by the World 
Meteorological Organisation (2). 
 
Climate change: global warming by increased atmospheric concentrations of greenhouse 
gases due to human activity, mainly due to burning of fossil fuel and the conversion of 
natural habitat to land used for agriculture and human settlement (3). The first assessment 
report of the Intergovernmental Panel on Climate Change (IPCC), which was published in 
1990, stated: “We are certain emissions resulting from human activities are substantially 
increasing the atmospheric concentrations of the greenhouse gases” (4). This is reiterated in 
one of the latest IPCC reports in 2021: “it is unequivocal that human influence has warmed 
the atmosphere, ocean and land” (5). In the same report it is stated that the global average 
surface temperature was already 0.99 degrees Celsius higher in the past two decades 
compared to the years 1850-1900. In 2022 the IPCC WG2 stated: “Human induced climate 
change, …, has caused widespread adverse impacts and related losses and damages to 
nature and people, beyond natural climate variability” (6). Climate change is one of the nine 
planetary boundaries according to the planetary boundaries framework published by 
Rockström et al., with the boundary defined as 450 ppm CO2 in the atmosphere (7).  
 
Climate change mitigation: a human intervention to reduce the sources or enhance the sinks 
of greenhouse gases (8). 
 
Climate change adaptation in human systems: the process of adjustment to actual or 
expected climate and its effects, in order to moderate harm or exploit beneficial opportunities 
(9).   

Climate justice: The term climate justice, while used in different ways in different contexts by 
different communities, generally includes three principles: distributive justice which refers to 
the allocation of burdens and benefits among individuals, nations and generations; 
procedural justice which refers to who decides and participates in decision-making; and 
recognition which entails basic respect and robust engagement with and fair consideration of 
diverse cultures and perspectives (6). It takes into account the disbalance between the 
historical emissions by countries and the future negative consequences of climate change 
(10,11). 

Evapotranspiration: evaporation from water surface areas and soil, including transpiration 
from plants (12) 

Health: a state of complete physical, mental and social well-being and not merely the 
absence of disease or infirmity (13).  

Health system: all organizations, people and actions whose primary intent is to promote, 
restore or maintain health (14).  

Malnutrition: Weight for height > +2 (overweight) or < -2 SD (wasting) from the median of the 
World Health Organization (WHO) Child Growth Standards among children under 5 years 
(15). 

Moderate acute malnutrition (MAM): weight for height between -3 and -2 z-score of the 
median of the WHO Child Growth Standards without oedema (16) 



vii 
 

Natural resources: agriculture, fishery, forestry, mining, water, wildlife, biodiversity (17) 

Planetary health: “the achievement of the highest attainable standard of health, wellbeing, 
and equity worldwide through judicious attention to the human systems—political, economic, 
and social—that shape the future of humanity and the Earth's natural systems that define the 
safe environmental limits within which humanity can flourish” (3). 

Resilience: the capacity of interconnected social, economic and ecological systems to cope 
with a hazardous event, trend or disturbance, responding or reorganising in ways that 
maintain their essential function, identity and structure (9). 

Severe acute malnutrition (SAM): children aged 6-59 months who have weight for height < -
3 z-score of the median of the WHO Child Growth Standards, or clinical signs of bilateral 
oedema of nutritional origin, or who have a mid-upper arm circumference < 115 mm (18) 

Stunting: height for age < -2 SD from the median of the WHO Child Growth Standards 
among children under 5 years (15). 

Sustainability: “Involves ensuring the persistence of natural and human systems, implying 
the continuous functioning of ecosystems, the conservation of high biodiversity, the recycling 
of natural resources and, in the human sector, successful application of justice and equity” 
(9). 

Sustainable development: “development that meets the needs of the present without 
compromising the ability of future generations to meet their own needs” (19). 

Sustainable Development Goals (SDG’s): resolution adopted by the General Assembly of 
the United Nations on 21 October 2015 (A/RES/70/1) with the goal of transforming our world 
by creating an agenda for sustainable development in 17 goals and 169 targets (20). 

Undernutrition: childhood undernutrition includes fetal growth restriction, stunting, wasting, 
underweight and deficiencies of vitamins and minerals (21). 

Water security: “The capacity of a population to safeguard sustainable access to adequate 
quantities of acceptable quality water for sustaining livelihoods, human well-being, and 
socio-economic development, for ensuring protection against water-borne pollution and 
water-related disasters, and for preserving ecosystems in a climate of peace and political 
stability” (22). 
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Background  
Climate change and global health 
In 2009 a commission of the Lancet and the Institute for Global Health at the University College 
London stated that climate change is the biggest threat to global health of the 21st century 
(23). Climate change has been on the global agenda for quite some years. The first “World 
Climate Conference” was organised in 1979 in Geneva (24) and the IPCC was established in 
1988 (25). In 1992 the United Nations Framework Convention on Climate Change (UNFCCC) 
agreement was signed, in which the signing countries recognized the threat of climate change 
and decided to protect the climate for present and future generations (26). In this agreement 
it was determined that ongoing evidence and policies should be regularly discussed during 
the Conference of the Parties to the Convention (COP), the first COP (COP1) was organized 
in 1995. Global awareness of climate change has been increasing in the past decades, but 
the strong link with global health is more recent. In 2001 the conclusion in the Third 
Assessment Report (TAR) of the Working Group 2 (WGII) from the IPCC was: “It will remain 
difficult in the near future to identify any early impacts of the current climate trends on health” 
(27). In the WHO report “Preventing disease through healthy environments” published in 2016 
it is stated that 12.6 million global deaths annually (22.7% of total deaths) are attributable to 
the environment, which is impacted in many ways by climate change (28). Emerging infectious 
diseases are estimated to be more frequently occurring due to climate change (29,30) but the 
death toll of the COVID-19 pandemic, estimated to be 18.2 million by 31 December 2021 (31) 
will likely not be attributed to climate change since there is no direct evidence of a connection 
to the emergence of the disease (32).  

Climate change and global child health 
The worrying effects of climate change on child health were reported in the first review on this 
subject by Bunyavanich et al. in 2003 (30). This was confirmed in a report by the WHO in 2004 
addressing the burden of disease attributable to climate change, with most deaths (151,000 
out of 166,000) occurring in poor regions due to malnutrition, diarrhoea and malaria (33). The 
most recent assessment study by WHO published in 2014, the Climate Change Risk 
Assessment (CCRA), has tried to estimate the burden of disease in 2030 attributable to 
climate change of undernutrition, malaria, dengue, diarrheal disease and heat stress (34). In 
this assessment it is reported that millions additional children will be stunted and the annual 
mortality due to above mentioned causes was estimated to be almost 250,000 in 2030 and 
84% of these deaths will be due to undernutrition, malaria and diarrhoeal disease, mostly 
occurring in low-resource countries (34). In the recent publication by UNICEF in 2021 “The 
climate crisis is a child rights crisis” it is stated that millions of children are highly exposed to 
climate and environmental hazards, shocks and stresses: 820 million children to heat waves, 
400 million to tropical cyclones, 570 million to flooding, 920 million to water scarcity, 600 million 
to vector borne diseases, 815 million to lead pollution and 2 billion to air pollution (35). Due to 
these exposures children risk being caught in a vicious circle of increasing vulnerability (figure 
1, annex 1) (35). In this publication the Children’s Climate Risk Index (CCRI) is presented 
(figure 2, annex 1), which combines these exposures with pre-existing child vulnerabilities to 
identify countries where children are most at risk of climate change and hereby demonstrating 
how climate and environmental hazards are impacting ecosystems, resilience and child health 
(35). In the preparation for the COP26 in 2021 the Royal College of Paediatrics and Child 
Health (RCPCH) published a position paper urging global leaders to put child health central in 
all climate change policy decisions, deliver a rapid and just transition away from fossil fuels 
and to make targeted investments in climate-resilient, low-carbon and sustainable health and 
education services (36).   
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The first 1000 days  
The importance of nutrition in early life is demonstrated by the fact that almost all stunting 
takes place in the first 1000 days after conception (37). Stunting is an important marker for 
chronic or recurrent undernutrition, it is defined by a reduced height-for-age z-score (HAZ-
score) which prevents children from reaching their physical and cognitive potential (38). In 
the CCRA-study it is estimated that an additional 3.6 million children will be moderately 
stunted and 3.9 million will be severely stunted in 2030 due to the effects of climate change 
(34). Barker hypothesized that undernutrition in early life could explain why people from poor 
socio-economic groups in areas with high infant mortality have an increased risk of ischemic 
heart disease in later life (39), and Brenner hypothesised that the amount of nephrons you 
are born with determines your risk of hypertension later in life (40). This became later known 
as the Fetal Origin of Adult Disease hypothesis (FOAD) for which later studies found 
confirming evidence (41–43). An illustrative example is from the Dutch famine (hongerwinter) 
studies that found children who were born during the famine of 1944 having higher risks of 
glucose intolerance, coronary heart disease, obesity (women only) and obstructive airway 
disease later in life (42). Global organisations have taken up the call for improving nutrition in 
the first 1000 days (starting from conception), emphasising preconception counselling and 
nurturing care (44,45).  
 
The Republic of Malawi 
The Republic of Malawi, henceforth referred to as Malawi, is a landlocked country that relies 
greatly on agriculture for its income. It is located in the East African Rift Valley and shares a 
border with Tanzania to the north, Lake Malawi (Nyasa/Niassa) to the east, Mozambique to 
the south and Zambia to the west, coordinates are latitude 13.279956⁰ S and longitude 
34.294553⁰ E in Decimal Degrees (DD) (46,47). Malawi gained independence from British 
colonial rule in 1964 (48). It has been classified up until now as a Least Developed Country 
(LDC) and a low income country (LIC) by the United Nations (UN) and the World Bank (49,50) 
The gross national income (GNI) per capita was 580 USD / year in 2020 according to the 
World Bank (51). The gross domestic product (GDP) was 12.63 billion in 2021, in current USD 
(52). The majority of employed people (73%) are working in the primary sector (agriculture, 
natural resources, mining and fisheries industries) (53). General information from the 
government website is shown in table 1.    
 
Table 1: Country information: The Republic of Malawi 

 
 
 

 

 

 

 

 
Source: https://www.malawi.gov.mw, accessed 25-05-2022 (54) 

Malawi has faced rapid population growth and a steadily increasing population density (55), 
as shown in table 2, next page. This has put increasing pressure and stress on the 
environment and on the country’s natural resource base (ibid). The urban population has 
increased from 10.7% in 1987 to 15.3% in 2008 (17). Due to a declining fertility rate, which is 
still high (4.4 in 2015-16), the population of children under 5 years is expected to grow with 
1.8 million this century, peaking at 4.6 million, and the proportion of children under 15 years is 
expected to grow with another 6.2 million this century, peaking at 13.78 million (48,56). 

Land area 118 484 km2 (20% water) 
Population 18.6 million 
Capital city Lilongwe 
Main towns Blantyre, Zomba, Mzuzu 
Climate Tropical (cooler in highlands) 
Official language English 
Common language Chichewa 
Currency Kwacha 
President Dr. Lazarus McCarthy Chakwera 
Government Ministries 21 

https://www.malawi.gov.mw/
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Especially noteworthy in the context of child health is the median age of 16.5 years in 2018 
(55). 
 
Table 2: UN Population Prospects 2019 Malawi 

Source: World Population Prospects 2019 (56) 
 
Malawi’s health system and general economic situation 
General information on the health system of Malawi is described in annex 3 and general 
information on the general economic situation of Malawi is described in annex 4.   
 
Malawi and Child health 
Malawi has made impressive progress in reducing the under-5 mortality rate (U5MR) from an 
estimated mortality rate of 247 deaths / 1000 livebirths in 1990 to 71 /1000 in 2013, a reduction 
of 71.3% (57). For this accomplishment it was selected to serve as an example case study by 
“Countdown to 2015” (57). Because of this progress it reached the goal two years prior to 
2015, the target year set in Millennium Development Goal (MDG) 4: reducing U5MR by two-
thirds (58). Malawi is also well on track for reaching the target set in SDG 3.2 for reducing the 
U5MR to below 25/1000 livebirths with a U5MR of 39/1000 in 2020 (20,59). When looking at 
stunting the decrease is more nuanced, the percentage of children under five who are stunted 
has decreased from 55% in 1992 to 37.4% in 2015 (60,61), the absolute number of stunted 
children has slightly increased from 990,188 to 1,027,514 (56,62). The intermediate goal for 
SDG 2.2 is to reduce stunting by 40% in 2025 compared to 2012. Stunting prevalence in 2012 
was 44%, a 40% reduction would make the target for 2025 26.3% (63–65). In the previously 
mentioned UNICEF report, Malawi is taking the 40th place in the CCRI out of a total of 163 
countries, where one is the country where children are most at risk from environmental and 
climate shocks (35). 
Communicable diseases still play a major role in the under 5 mortality as shown in figure 3, 
next page. In a large study from 2019 on inpatient pediatric deaths in a tertiary government 
hospital the mortality rate was 3.5% (488/13,827). The leading cause of deaths were: sepsis 
(n=102, 20.9%), lower respiratory tract infection (LRTI) (n=67, 13.7%), acute gastro-enteritis 
(n=51, 10.5%), malaria (n=37, 7.6%) and meningitis (n=34, 7%) (66). Of the children who died, 
37% were HIV infected or exposed and 21.7% had evidence of Severe Acute Malnutrition 
(SAM), for those with information available on these parameters (66).  
 

 Total population 
in millions 

Under 5 years 
in millions 

Under 15 years 
in millions 

1950 (estimation) 3.0 0.6 1.3   (46% of total) 
1990 (estimation) 9.4 1.7 4.2   (45% of total) 
1992 (estimation) 9.7 1.8 4.4   (45% of total) 
2015 (estimation) 16.7 2.8 7.6   (45% of total) 
2030 (projection) 24.8 3.5 9.6   (39% of total) 
2050 (projection) 38.1 4.3 12.3 (32% of total) 
2100 (projection) 66.6 4.3 (peak 4.6 in 2072) 13.2 (peak 13.8 in 2077) 
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Figure 3: Cause of under 5 deaths 1990 vs 2019 Malawi, both sexes (67) 
 

 

 

 

 

 

 

 

Source: IHME Global Burden of Disease 2019 (67) 
For a detailed account on cause of child deaths in Malawi see table 3, annex 2 (37). 

Malawi and Climate Change 
Malawi is vulnerable to floods, droughts, hailstorms, strong winds associated with tropical 
cyclones and earthquakes, this is due to several geo-climatic factors (68,69). The climate in 
Malawi is influenced by the Intertropical Convergence Zone (ITCZ) and the El Niño Southern 
Oscillation (ENSO) (55) which occurs periodically every 2-7 years, the last one occurring in 
2015-2016 followed by a season of severe floodings and droughts (70). A detailed description 
of the general climate of Malawi was recently published in 2021 by the Climate Centre of the 
Red Cross Red Crescent (71). Generally 95% of annual rainfall takes place during the summer 
rainy season which stretches from November until April (72).  
 
Although floods and droughts and other shocks are common in many regions of Malawi (73) 
(see figures 4-5 in annex 1), the weather related shocks will likely increase in frequency and 
severity due to climate change (60,69). For the AR5 IPCC report in 2014 four scenarios were 
developed called the Representative Concentration Pathways (RCPs), each representing 
different emission levels and mitigation strategies and corresponding to different degrees of 
global warming (see figure 6 in annex 1) (74).  
 
The climate of Malawi is 
expected to change 
according to figure 7 under 
the RCP 8.5 scenario based 
on data published in 2018 
(75). This RCP 8.5 scenario 
is the best match until mid-
century under current and 
stated policies (76). The 
consequences of these 
possible changes are yet to 
be determined.  
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Policies on climate change 
Global policies 
In 2015 at the COP21 the landmark Paris agreement was adopted with its goal: “Holding the 
increase in the global average temperature to well below 2°C above pre-industrial levels and 
pursuing efforts to limit the temperature increase to 1.5°C above pre-industrial levels” (77). 
The Paris agreement requires the parties to prepare, communicate and maintain successive 
Nationally Determined Contributions (NDC’s) with mitigation measures that they intend to 
achieve (77). The amount of carbon emissions the world can “permit” to achieve the above 
goals is tracked by a “carbon budget”, to limit global warming for a 50% likelyhood to 1.5°C 
the remaining budget has shrunk to 120 GtC (420 GtCO2) equivalent to 11 years from the 
beginning of 2022, assuming 2021 emission levels (78), in another way visualised in figure 8 
in annex 1. To assist countries in making vulnerability and adaptation assessments, the WHO 
has published the report “Protecting Health from Climate Change in 2013 (79). In 2018, African 
health and environment ministers re-endorsed the 10 years old Libreville Declaration on 
Health and Environment in Africa, signed by Malawi in 2008 (80).  
 
National policies  
Malawi was supported by WHO in conducting a vulnerability and adaptation assessment of 
the health sector to impacts of climate change in 2015 (80,81) and published National 
Adaptation Plans for Action (NAPAs) in 2006 (82) and 2015 (83) and a NAP-framework in 
2020 (84). In June 2016 the Environmental Affairs Department of the Ministry of Natural 
Resources, Energy and Mining (EAD MoNREM) published the National Climate Change 
Management Policy (85). In this policy document priority areas are identified, policy goals are 
communicated and a.o. the roles and responsibilities of all stakeholders are presented, 
children are identified as a vulnerable group having special needs which need consideration 
(85). Since 2019 seven public health advisories on extreme weather events (EWE) were 
developed and are disseminated accordingly requesting communities to follow public health 
safety measures, additionally, the Health and Climate Change Core Team (HCCCT), 
comprised of various government sectors and partners, was instituted in order to provide an 
oversight and guidance on the implementation of health and climate change in the country 
(80).  

In the updated version (2021) of the NDC that Malawi submitted to the NDC-Registry to the 
UNFCCC (86), it is mentioned that in 2017 the total annual greenhouse gas (GHG) emissions 
were 9 million tCO2e and it is expected to increase to 34 million tCO2e in 2040 in a business 
as usual situation (68). Total annual fossil CO2 emissions were 1.4 million tons in 2020 and 
the estimated total cumulative fossil CO2-emissions since 1751 were 50.7 million ton (87). For 
comparison, the total GHG emissions by the Netherlands, a high income country with about 
the same population, were 180.3 million tCO2e in 2019 having a decreasing trend (88). The 
annual fossil CO2 emission were 138.1 million tons in 2020 and the estimated total cumulative 
fossil CO2 emissions since 1751 were 11.74 billion ton (87).  

From a climate justice perspective it is clear that the contribution of Malawi to climate change 
is very limited (89,90). So the role for Malawi in climate change mitigation (reduction of CO2-
emissions) is limited compared to high-income countries. In the most recent NDC from Malawi, 
published in July 2021, ten strategic adaptation (dealing with the consequences of climate 
change) options are presented which include capacity building on Water, Sanitation and 
Hygiene (WASH) interventions and capacity building on diagnosis, prevention and control of 
climate-sensitive diseases and malnutrition (68). In a recent evaluation of NDC’s by UNICEF, 
Malawi is not identified as having a child-sensitive NDC (91). 
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Problem statement and justification  
 
 

 

 

 

 

 

Climate change denial, downplaying the effects of climate change and preventing effective 
policies on this subject is big business. In 2019 the Corporate Europe Observatory calculated 
that the biggest five oil and gas companies spend more than €250 million in lobbying the EU 
and saw hundreds of fossil fuel lobbyist attending the COP26 (92,93). During record breaking 
heatwaves this summer in Europe, downplaying the effects of climate change is also loud and 
clear as shown in the above headline (94).  

This is unfortunately nothing new. In response to the forming of the IPCC also the Global 
Climate Coalition was formed, an industrial lobby group that has spent decades casting doubt 
on the scientific processes and outright denying the scientific consensus at that time, despite 
major oil companies already knowing about the effects of carbon emissions on global climate 
(95–98). It was already back in 1985 that the legendary science communicator Carl Sagan 
testified before the United States Congress about how the greenhouse effect works and the 
consequences of unlimited burning of fossil fuels (99). 

Despite the Paris agreement, global CO2 emissions from fossil fuels have continued to rise 
until 2019, with a temporary small reduction in 2020 due to the coronavirus disease 2019 
(COVID-19) pandemic (100).  

The narrative of the limited effects of climate change on industrialized countries, like shown in 
the Spectator headline, is short-sighted and reduces the chance of effective climate change 
mitigation strategies from high emitting industrialized countries. The inequalities in carbon 
emissions are staggering: from 1990 until 2015 it was estimated that the consumption of the 
world’s richest 1% drove twice as much carbon emissions as the poorest half of the world 
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combined and the richest 10% of the globe has been responsible for more than half of global 
carbon emissions (11). National navel gazing led to the withdrawal of the United States of 
America from the Paris agreement in November 2020 by promoting jobs and beautiful clean 
coal, see figure 10 (next page) (101). While at the other side of the Atlantic the European 
parliament decided that natural gas is “climate friendly, sustainable and green” (102) and one 
of the vice presidents of the European Commission doubting the commitment of youth climate 
activists accusing them of having “the Greta syndrome” by demonstrating but perhaps not 
being willing to pay the price of measures against climate change (103). 

Figure 10: Trump ending the war on beautiful clean coal 

 
Source: CNN, Dominick Reuter / AFP / Getty Images (101) 

Low income countries are already suffering the consequences of climate change as stated 
before (104). Due to climate change millions of children will be undernourished and have an 
increased risk of dying (34). An additional annual 95,000 under five child deaths will occur due 
to undernutrition, 60,000 total deaths due to malaria (many of which will be children) and 
48,000 deaths in children under 15 due to diarrhoeal disease (ibid). These deaths will occur 
in Sub-Sahara Africa for 70%, 95.6% and 63.5% respectively (ibid). Main limitations of this 
study were stated to be the inability to account for effects of economic damage due to major 
heatwave events, river flooding, water scarcity, effects on human security and the limited 
scope of the impacts that can be confidently modelled (ibid).  

To which degree low-income countries are already suffering from climate change is an active 
field of research. This study is performed to take the perspective of children, the most 
vulnerable group in society, and to determine the health effects of climate change on them, 
specifically in a low-income country like Malawi. Although some country level assessments 
have been made by the Red Cross Red Crescent Climate Centre on climate change and 
health (105), specific focus on children is not common. An assessment of NAPA’s in 2017 
showed that child health is hardly mentioned and is not adequately included in national 
adaptation measures or actions (106). In an analysis by UNICEF in 2021 only 35 out of the 
103 analysed NDC’s were child sensitive, Malawi not being one of them (91). This thesis will 
discuss the literature on this topic so far and due to the broad scope of the impact of climate 
change, it will focus on infectious diseases, undernutrition and air pollution.  
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Objectives  
Main objective 
To discuss the main health effects of climate change on all children in Malawi focussing on 
undernutrition, infectious diseases and air pollution 
 
Subobjectives 

1. To explain how climate change affects and will further affect Malawi  
2. To discuss how direct and indirect effects of climate change affect the risk of 

infectious diseases, undernutrition and respiratory diseases for children in Malawi  
3. To identify child health related indicators within the SDG framework that are affected 

by climate change which can potentially reduce progress   
4. To provide recommendations to the Malawi government and its partners about 

priority areas for adaptation and improving child health in light of climate change 
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Methods and analytical framework  
To address the main objective of this thesis a literature review was conducted to gather 
information in a systematic way by using an analytical framework that addresses child health 
in relation to climate change.  
 
Selection of analytical framework 
The analytical framework was selected by performing a search in PubMed using the search 
terms: “framework, child health, climate change”. With this search 50 papers were found (exact 
search terms used in table 7, annex 2). The paper which was selected as best match (algoritm 
based) was that by Helldén et al, it presents an expanded conceptual framework on climate 
change and child health (12), figure 11. In the corresponding paper a scoping review was 
conducted from January 2000 to June 2019 on the impact of climate change on child health, 
existing conceptual frameworks where expanded into the one that was presented. The other 
49 articles where screened for relevance but no other papers involved a framework about 
“child health” in general in relation to “climate change” in general. Since the review only 
included articles up until 06-2019 and did not target a specific country an additional search in 
PubMed was conducted to see whether adjustments or additions to the selected framework 
were necessary or justified. The search terms: “Malawi, child health, climate change”, with and 
without “framework” resulted in 0 and 3 articles respectively, limited from 06-2019 until 01-01-
2022. The found articles did not provide additional topics or insights that justified changing the 
framework (exact search terms table 8, annex 2).  
There have been several frameworks published about “health” and “climate change”. The 
advantage of the chosen framework over those, is that it includes both important aspects that 
relate ecosystem and environment change to human health (3) (figure 12 in annex 1) and 
relate climate change to health (107) (figure 13 in annex 1). The importance of this to child 
health is demonstrated by linking both ecosystem / environment disruption as an indirect effect 
and climate change as a direct effect to increased risk of disease by increasing the 
vulnerability of children due to food insecurity, reduced educational attainment, forced 
migration and exposure to toxicants in- and exutero. The disadvantage of this framework is 
that is does not take into account the effect of climate change on the five different types of 
household capital as described in the sustainable livelihoods framework (108) (see figure 14 
in annex 1) which will be addressed in the discussion.  
 
Figure 11: Climate change and child health: an expanded conceptual framework (12) 
 
 
 
 
 
 
 
 
 
 
 
 
 
* for a larger version of the framework see figure 11, annex 1 
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Search Strategy 
Key words were extracted from the analytical framework. The search terms that were used 
and how they were combined are presented in table 9, annex 2, organised per chapter. If for 
Malawi insufficient or no results were found, the search was expanded to the neighbouring 
countries Tanzania, Zambia and Mozambique or the greater region Southern Africa or 
Southern African Development Community (SADC) (109), Eastern Africa (110) or Sub-Sahara 
Africa (110). No time limit was initially placed on publication date.  
The following online databases were searched: PubMed, Web of Science, Cochrane Library, 
IRIS (digital library of WHO), The World Bank, Google Scholar, WHO regional website for 
Africa, Scopus and LibSearch of the Free University of Amsterdam (a.o. CINAHL, ERIC, 
WorldCat, ScienceDirect, PsychINFO, Pubmed Central, BioMed Central). In addition to the 
databases above white papers and grey literature about climate change and Malawi published 
by UN organisations (UNICEF, Reliefweb.int, UNDP, UNEP) and NGO’s ICRC, Save the 
Children were searched for relevant publications (table 11, annex 2). Government websites of 
Malawi were searched for relevant publications (table 12, annex 2). 
 
Selection strategy 
If a search query resulted in more than 100 results, the search results were narrowed down 
by first removing the “OR” from the search query and secondly by restricting the publications 
to the last 25 years or if needed the last 10 years. Search results were screened initiatially by 
title for relevance to the search query. If the title seemed relevant for the search query the 
abstract was sceened. Artricles were included if the subject was relevant for the search query 
or the objectives, and full texts were available and written in English. Articles were excluded if 
they were not addressing the (sub-) objectives of this thesis. Because of the large scope of 
this topic, it was not feasible to perform quality assessment in a systematic way. To achieve 
saturation on a subject snowballing (going throught the references of the included articles) 
was used to screen for articles that could be relevant for the search query or objectives.  
 
Data analysis  
The results of the literature search were organised corresponding to the analytical 
framework with the first chapter on “Climate change and Malawi”, followed by the chapters 
on “Direct and indirect effects”, “Increased risk of disease” and lastly “Child health effects”. 
An example is shown in figure 15. Results that were found using the framework and the 
included articles, that did not address the main or sub-objectives are added in the 
supplementary materials in annex 5. For map making QGIS 3.16, Hannover was used. For 
statistical analysis Microsoft Excel 2021 MSO was used.  

Figure 15: Climate change effects as distal (left) and proximal (right) determinants 
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Since the analytical framework is following a cause - effect approach the output is not guided 
towards policy in a certain way other then mitigation and adaptation. It does not include all 
aspects mentioned in frameworks describing the Social Determentints of Health (SDH) like 
the ones of Mackenback et al (111), Dahlgren and Whitehead (112) and the framework of 
the Commission on SDH by WHO (113), see figures 16-18. Therefore the overall policy 
framework of the SDG’s was used to guide the discussion section and to make suggestions 
and recommendations based on the results of the literature review. There is expected to be 
an overal good overlap between the areas covered in the SDG’s and the expected results.  
The results of this thesis will be shared with the Ministry of Health (MoH), in charge of health 
system related affairs and the Ministry of Forestry and Natural Resources, in charge of the 
climate change related affairs. For advocacy purposes this thesis shall be shared with 
UNICEF, the Dutch Society for Tropical Medicine & International Health and the Dutch 
Pediatric Society.  
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Results  
Chapter 1 Climate change and Malawi 
This chapter contains the most distal determinants of climate 
change on child health. The results will therefore mostly 
contain information that affect more proximal determinants and 
not child health directly.  
Extreme weather 
Malawi is particularly prone to dry spells, seasonal droughts, 
intense rainfall, riverine floods, and flash floods but also 
earthquakes, landslides, heat waves, cold snaps, strong winds, 
tropical cyclones, tornadoes, hailstorms and thunderstorms 
have occurred in the past 50 years (68,69,80,114–117). Reports 
of extreme weather in Malawi (cyclones, droughts, floods, 
hailstorms, landslides and strongwinds) increased from just 6 in the 1970’s to 69 between 
2000 and 2008 (117). Natural hazards that happened between 1980 and 2020 and the amount 
of people they affected, are shown in figure 18 below.  
Climate models indicate frequency, intensity and duration of extreme weather events (EWE), 
such as floods, droughts, cyclones and extreme temperature events are projected to increase 
due to climate change in Malawi, which will increase its vulnerability (48,55,115,118–121). For 
an explanation see box 1 on the next page. Due to climate change the frequency of extreme 
El Niño events is projected to double, increasing the likelyhood of heat, droughts, floods and 
strong winds in Malawi (68,117,122). 
Frequent and widespread occurrence of shocks have caused many people to move in and out 
of poverty resulting in “virtually no progress in reducing poverty and inequality over the past 
decade in Malawi” as reported by the World Bank in 2007 (123). The most common shocks 
are weather-related leading to 1) drops in crop yield, 2) loss of livestock 3) increased food 
prices threatening local and national food security 4) internal displacements 5) damaged 
infrastructure 6) health impacts and 7) direct casualties (55,123,124). In the NDC plans are 
communicated to form community-based early warning systems for multiple hazards (68).   
 
Figure 19: natural hazards in Malawi (World Bank) 

 
Source: World Bank, climate change knowledge portal (114) 
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Altered rainfall 
Rainfall projections are subject to greater uncertainties than temperatures projections and 
models show disagreement on future patterns in Malawi (125,126). For southern  Africa  later 
onset of rainy season and general decline in precipitation / rainfall has been projected 
(115,127). In the past century rainfall has been gradually decreasing in Karonga (North of 
Malawi) (17). At community level, smallholder farmers in the southern region of Malawi have 
noticed a shift in the onset of first rains, in the past decades onset of first rains was around 
October/November, now it tends to lean towards November/December (17). Mean annual 
rainfall projections in Malawi did not reveal a strong increasing or decreasing trend (126), see 
figure 20.  

Figure 20: Annual rainfall for Malawi in 34 CMIP5-models, ensemble mean in bold red 
 
 
 
 
 
 
 
 
 
 

Source: Future Climate For Africa (FCFA) (126) 
 
Projections do show a decrease in annual number of rainy days and an increase in the mean 
amount of rainfall per rainy day as shown in figure 21, next page (126). So it means rainfall 
variability will increase with a higher likelyhood of dry spells and intense rainfall events 
associated with floods (48,126). The effects of increased rainfall variability will be discussed 
in the subheadings “Precipitation and floods”, “Droughts and wildfires” and “Food insecurity”.  

Box 1: How does climate change cause increases in extreme weather? 
It starts with the understanding that CO2 and water vapor absorb infrared radiation in 
the earths atmosphere, emitted by the sun and reflected by the earth’s surface (99). 
This “greenhouse” effect combined with the earths position in the “Goldilocks zone” 
makes earth habitable to humans (99). The accumulation of CO2 in the atmosphere, 
mostly due to the burning of fossil fuels, has already warmed the earth with around 
1.09 degrees Celsius (6). Due to this global warming the air can hold more water, this 
results in higher evapotranspiration (evaporation from water surface areas and soil, 
including transpiration from plants) and thus increased humidity (214). By increasing 
the amount of water vapor in the air / atmosphere a positive feedback loop forms since 
water vapor itself is a greenhouse gas, it is estimated this effect doubles the warming 
due to CO2 alone (214).  
The additional effect of this additional water vapor in the atmosphere is the increased 
latent heat/energy, it takes around 2265 kJ/kg water to change phase from liquid to 
gas, that same amount of energy is released when it condenses back into liquid water, 
which leads to more extreme weather (214,215). 
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Figure 21: Percentage change in mean days with rainfall and rainfall per rainy day, Global 
Climate Models on the x-axis  

 Source: Future Climate For Africa (FCFA) (126) 
 
Raised temperature 
Mean temperature in Malawi already increased by 0.9°C between 1960 and 2006 (125). 
Compared to baseline the mean annual temperature is projected to increase by 1.6-2.0°C in 
2050 (ibid) and could increase with 2.3-6.3°C in 2090 compared to baseline, see figure 22. 
This will cause higher evapotranspiration and consequent water stress (12,48,128) 
 
Figure 22: Time series of mean annual temperature (C°) for 34 CMIP5 models  

 
Source: Future Climate For Africa (FCFA) (129) 
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Sea level rise 
No literature was found of the projected sea level rise impacting child health in Malawi. It 
does affect the coastal areas of Mozambique (130). Supplementary information in annex 5.  
 
Acidification of oceans 
No literature was found on the projected acidification of oceans impacting child health in 
Malawi. Accumulation of pollutants and toxic metals due to acidification are outside the 
scope of this thesis. Supplementary information in annex 5. 
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Chapter 2 Direct and indirect effects  

This chapter builds on the results of chapter 1 and 
contains more proximal determinants of child health. First 
the direct effects will be discussed and hereafter the 
indirect effects.  
 
Direct effects 
Temperature change 
Direct effects of heat waves / hot days on child health are outside the focus of thesis. 
Supplementary information is provided in annex 5. Effects of temperature change on the 
focus topics are discussed in the corresponding headings.  
In 2005 a study was published in which mortality amoungst children under 15 increased with 
3.2 to 4.2% for each degree above 20°C in Delhi, a city with high air pollution, compared to 
0.6 to 1.1% and -2.2 to -3.0 in Sao Paulo and Londen respectively, obviously many 
confounders could influence this effect but nevertheless the found results are significant for 
low-income countries.  
A study on lake Tanganyika in Tanzania has shown declines in commercially important fishes 
(55,131). In Malawi no such analysis has been done but Lake Chilwa in Malawi has been 
reported to have risen by approximately 1°C and precipitation has slightly decreased (132). 
This could have potentional consequences for food security and infectious diseases.  
 
Precipitation and floods 
Climate change has contributed to the heavy precipitation during the tropical storm Ana in 
2022, a once in 50 year event, which caused widespread flooding (17,133). The timing of 
these events have consequences for food security: excess rainfall during the first two months 
of the growing season had an adverse effect on consumption per capita in Malawi, reducing 
consumpsion by 1-2% for each day of excess rainfall, excess rainfall in the following months 
of the growing season increased consumption by 1% (116). 
The devestating consequences of EWE in Malawi are shown in figure 23, next page and 
described in annex 6. Malawi has experienced 33 floods from 1980 until 2017 according to 
numbers of the World Bank and 144 floods from 1980 until 2008 according to the Third 
National Communication to the COP (55,117). Floods have lead to loss of crops, decreased 
yields, reduced access to safe drinking water, spread of waterborne diarrheal diseases and 
vector-borne diseases such as malaria, damage to key (health) infrastructure, pushing 
households into poverty due to loss of assets and livelihoods, internal displacement and 
reduced economic activity and output (55,69,81,121,124). All of these effects cause changes 
in more proximal determinants of child health which will be discussed in the following chapters 
and subheadings.  
New technologies have been helpful in the aftermath of floods, drones were succesfully used 
in 2019 for flood mapping, cholera risk assessment, identifying flood-prone areas for mosquito 
breeding sites, pick-up of medical samples and delivery of medical commodities (134). Early 
warning systems are being developed and already were successful during the flood 
preparation during the El Niño of 2015-2016, the forecasts helped decide to focus preparations 
in the north of the country instead of countrywide which saved resources and at the end no 
lives were lost due to flooding in the north of the country (70).  
Based on a broad analysis using median climate scenario directly related to temperature and 
precipitation changes through to 2050 it is estimated that Malawi is facing potential annual 
average costs of 165 milion USD until 2050 without adaptation measures applied to planning, 
construction and maintenance road infrastructue (48). 
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Figure 23: Flooded village in Lower Shire in 2015 after the highest rainfall on record 

 
Source: Malawi 2015 Floods Post Disaster Needs Assessment Report (124) 
 

Droughts and wildfires 
Most severe drought episodes that Malawi experiences are caused by the El Niño / Southern 
Oscillation (68), see box 2 next page. Malawi has experienced 8 major droughts from 1980 
until 2017 (55). Increased dry spells and droughts can have nationwide repercussions by 1) 
threatening food security through reduced crop yields and livestock production which can 
lead to famine and starvation, 2) changes in access to natural resources (e.g. clean drinking 
water), 3)  increased risk of infectious diseases and 4) reduced economic activity and output 
5) increasing the risk of wild- and forestfires (55,68,121).  
The prolonged drought in 2016-2017, which was cause by the strongest El Niño event in 35 
years, together with the floods in 2015, resulted in 6.7 million people being food insecure in 
2016-2017 (135). This drought was estimated to have caused a reduction in GDP growth of 
around 2.2 percentage points making Malawi one of the worst impacted amoung affected 
countries in the SADC (48).  
Like with excessive rainfall the timing of the droughts is also important. Malawi has 
experienced more droughts (in this study defined as a 30 day long dry spell) during growing 
seasons in the past decade (54%) compared to the decade before (39%) (136). This means 
that in the past 20 years almost every other year a drought occurred during the growing season 
(ibid). Droughts during crop growing season decreases consumption per capita without food 
aid by significant margins of 5-12% (116).  
Women with no other subsistence options may resort to selling sex for money and it is not 
uncommon in southern Africa for girls to be married off early in times of drought (115). In 1995 
a period of extended drought was responsible for the complete drying out of lake Chilwa which 
resulted in total loss of fish stocks (17). The drying of Lake Chilwa was associated with an 
increased number of early marriages in daugthers (72). Children born from adolescent 
mothers have an increased risk of mortality, severe stunting and onset of illness (137). In 2017 
the constitution of Malawi was changed raising the age of legal marriage from 15 to 18 years 
(138).  
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Forestfires and wildfires causing large amouts of smoke impacting air quality are more seen 
during and after droughts, this smoke is harmfull even over long distances, children under 12, 
who breathe twice as frequently as adults, could be particularly impacted (139). 
 
 
 

 
 
 
 
  

Box 2: El Niño / La Niña (216) 
The El Niño / Southern Oscillition (ENSO) comprises three phases: El Niño, La Niña and 
neutral. El Niño and La Niña are the oceanic components while the Southern Oscillation is 
the atmospheric component. El Niño events begin with large-scale warming of surface water 
in the central and eastern Pacific heating the overlying atmosphere, causing the air in the 
east to rise after which it cools and  
produces rain. In the western side of the  
Pacific the ocean surface tends to be cool 
causing less rising air. This is combined  
with higher air pressures in the west and  
lower air pressure in the east. During  
La Niña events the opposite happens as  
during El Niño events. El Niño usually  
peaks during November – January and  
then decays over the following 6 months.  
So far it occurs approximately every  
2-7 years and can last up to 18 months.  



20 
 

Indirect effects  
Ecosystem disruption 
Due to the rising temperatures and EWE ecosystems will 
be disrupted, even a relatively small change in average 
temperature can have a major impact on biodiversity and 
the ecosystems we depend on (139). If one species is 
unable to survive, then all of the species that depend on it 
are threatened (ibid). One study found that 20-30% of 
plant and animal species are at high risk of extinction as a 
result of 2-3°C increase in global mean temperatures (ibid). This could have severe 
consequences for the agricultural sector and food security. Loss of Oreochromis Shiranus 
(fish species) was so severe that Lake Chilwa had to be restocked from Lake Malawi (17).  
Human activitity is also a cause of ecosystem disruption, the conversion of natural 
ecosystems and habitats is mainly the result of deforestation from agricultural expansion and 
increasing demand and use of biomass energy which continues to be the main source of 
energy for most Malawians (17), see box 3.   
Majority of women in Malawi are informally employed in the natural resource sector and their 
livelihood and food security are more likely to be adversely affected by deforestation, land 
degradation and resource depletion, 90% of women over 15 state that they are reliant on 
natural resources for domestic activities (like fetching water, collecting wild fruits, collecting 
firewood) in comparison to 24% of men (55). No relevant studies were found on ecosystem 
change impacting child health through climate change in Malawi.  

 
Changing vector pattern 
Dengue fever, chikungunya, malaria and yellow fever cause significant health impacts and 
are highly sensitive to changing climatic conditions by exerting influence on the life cycle of 
the vectors (72). While an increase in mean temperature may allow the diseases to expand 
to higher altitudes and lengthen the transmission season, drier conditions may depress the 
spread of malaria (121). Droughts, temperature rise and other climate extremes can also 
influence food supply indirectly by altering the ecology of plant pathogens and pests (140). 

Box 3: A double edged sword: environmental degradation 
Majority of rural families depend directly and heaviliy on natural resources for their 
livelihoods, wood fuel supplies consists of nearly 90% of national domestic energy 
need (55). Woodland degradation and soil erosion increase the vulnerability to 
extreme weather events like floods and droughts (48). Land clearance for agriculture 
and wood fuel harvesting are the leading causes of woodland degradation (48). The 
use of biomass / wood fuel / charcoal is a source of GHG-emissions. 
Non-climate related drivers of environmental degradation in Malawi are deforestation 
and land degradation, reducing agricultural yields (48,217). It is estimated that wood 
fuel harvest exceed sustainable yield from forests by 71% (55). Forest cover 
decreased from 57% to 23% from 1975 until 2019 (68). The loss of forest cover has 
continued between 1993 and 2018 resulting in the lowest hectarage of forest cover 
per capita amoung neighboring countries (48). In 2010 land used for agriculture was 
48.277 km2 and forests made up 31.635 km2 (55). Groundwater levels have 
dropped significantly and soil erosion presents a growing challenge affecting 61% of 
the entire land area in the country (48). The woodland degradation will cause a 
reduced watershed protection, which in turn will have health effects by increasing the 
risk of diarrhea in rural households (48,218) 
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Due to climate change Malawi will be increasingly suitable for ticks who can cause “East 
Coast Fever”, one of the most important cattle diseases in Africa, caused by the parasite 
Theileria parva (72,141).  
Transmission of malaria typically peaks at 25°C and 28°C, in highland areas above 2000 
meters, temperatures are currently to low for transmission but these areas are expected to 
experience malaria epidemics as temperatures rise, in the Bolivian Andes malaria 
transmission has reached 2300 meters (139). Studies of malaria have revealed the health 
impacts of interannual climate variability associated with El Niño (140,142,143).  
In Malawi longer warm conditions increase the incidence of malaria across 7-9 months 
rather than the historical 3-4 months (January-April) and expands the range towards the 
highlands (72). An increase in mosquito populations in locations such as Mzuzu and the 
Viphya Plateau at 1200m elevation is already being felt with current temperatures more 
frequently being above 15°C and “Malaria is now even more common in highland places like 
Kasungu, Ntchisi and Rumphi”(ibid).  
 
Air pollution and aeroallergens 
Air pollution is increasing the vulnerability to communicable and non-communicable 
respiratory diseases (127,144), box 4. Climate change affects air pollution through several 
pathways: raised temperature increases evapotranspiration and drought which is associated 
with 1) an increase in wildfires and 2) an increase of Particulate Matter of 2.5 micrometer 
(PM2.5) due to decreased precipitation and due to windblown dust and 3) the raised 
temperature increases the amount of harmfull groundlevel ozone and pollen which are 
known triggers of childhood asthma (127,139,145). Higher atmospheric CO2 concentrations 
and warmer temperatures are likely to increase ambient pollen levels (30). Increases in 
ambient temperature and ozone levels directly correlate with pediatric emergency 
department visits for asthma exacerbation in other settings (146).  
Children are more vulnerable to air pollution because of their faster respiratory rate, their 
exposure (more outdoors playing, more indoors near fire) and their ongoing development 
which can cause harmful and irreversible effects on the development of the lungs due to 
expore to air pollutants (62,139,144,147). Higher ambient temperatures are linked to greater 
respiratory uptake and toxicity of pollutants such as ozone which could increase vulnerability 
to heat (147). Maternal exposure to PM air pollution and ozone was associated with adverse 
birth outcomes like Low Birth Weight (LBW), Small for Gestational Age (SGA) and Preterm 
Birth (PTB) (144). Postnatal exposures to air pollutants (including PM, ozone and nitrogen 
dioxide) have been associated with increased infant mortality (ibid). Prolonged pollen 
seasons, associated with increases in asthma and allergic reactions, are depend on the 
combination of increased temperature and greater precipitation (12), it is to be determined 
whether this is applicable to Malawi and therefore needs special consideration. Although 
there are some studies done in Malawi on the effects of ambient air pollution, none were 
targetted at children. 
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Box 4: Climate adaptation & health co-benifits 
Indoor (household) air pollution causes 534,000 under 5 deaths every year globally 
and outdoor (ambient) causes 127,000 under 5 deaths annually (139). The burning 
of bio- and fossil fuels causes CO2 emissions and a.o. harmfull PM emissions which 
cause air pollution (139,144). In Malawi 95% of people cook using biomass fuels and 
many depend on open fire cooking or inefficient cookstoves, access to electricity 
continues to be limited (219). This results in extremely high levels of household air 
pollution which is know to have a strong correlation with the occurrence of 
pneumonia among children (55,220). With increasing mean temperatures and 
constant emissions of precursor chemicals, such as nitrogen dioxide from fossil fuel 
combustion and biological processes, ozone concentrations are projected to 
increase (12). With reductions in wood fuel and fossil fuel combustion effects on 
respiratory health could be reduced. Unfortunately it is not as easy as providing 
cleaner cooking stoves (220). 
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Chapter 3 Increased risk of disease  
 
Food insecurity and malnutrition  
In the Burden of Disease study from 2004, climate related 
food insecurity and undernutrition constituted the largest 
contributor to climate change mortality (33,121). First the 
impact on national food security will be discussed followed 
by the impact on household food security and closed by 
the impact on undernutrition. The impact of climate change 
is expected to be aggravated by population growth, 
unsustainbable agriculture and increased deforestation 
leading to reduced watershed protection (55), as touched 
upon in box 3. This puts Malawi’s socioeconomic position at risk which could lead to 
increases in poverty and food insecurity (ibid). 
 
National food security: Frequent floods and droughts, which particularly affect the southern 
regions, are the leading cause of chronic food insecurity nationally (72). In 2005, responding 
to the worst maize season in a decade (40% below the long term average), the Government 
of Malawi (GoM) implemented a Farm Input Subsidy Program (FISP), subsidizing maize 
seeds and fertilizer which resulted in the 43% national food deficit to become a 53% national 
food surplus (148). The maize season (October 2004 – June 2005) was impacted by drought 
in the important months of January and February (ibid). The FISP is still used in the 
agricultural sector (149). But in the past years Malawi has been reliant on international 
assistance to achieve national food balance (60). In 2015 undernutrition was associated with 
23% of child mortality cases in Malawi (72). Social protection programs generally target the 
poor, these programs could be horizontally expanded to the households who are vulnerable 
to poverty in the aftermath of disasters which would require an ex ante identification of these 
households (116). 

Increased temperatures affecting yields: National food security is closely linked to maize 
harvest and access to maize (128). Maize crops account for 80% of cultivated land and 60% 
of caloric intake in Malawi (72). Increased temperature will cause 25% average yield losses 
for maize (scenario of 4°C rise by 2100) in low-latitude regions (latitudes between 30N – 30S 
DD, Malawi is within this region with 13S DD latitude) vb , based on crop growth models that 
incorporate the effects of CO2, temperature, water availability and nitrogen limitation (150). 
On the short term maize yield might benefit from climate change (negatively impacting soil 
fertility) but on the medium and long-term lower maize yields are expected to exacerbate 
vulnerability to food insecurity due to the projected population growth (128). African inland 
lakes contribute significantly to food security, livelihoods of rural communities and to national 
economies (151). Due to increasing temperatures fishery production could possibly 
decrease based on a study from Tanzania (131).  

Extreme weather affecting yields: Decreased crop yield caused by extremes in rainfall 
(both too much and too little and at the wrong time) leads to increases in the market price of 
food which impacts poorer people’s access to sufficient food (72). The consequences of 
several EWE are more in detail described in annex 6. Summarizing: huge loss of crops 
(figure 24, next page), increased food prices, lower yields and production, increases in 
admissions to malnutrition programmes and decreased consumption of food.  
Food insecurity is quite spread through the country when looking at figure 4, annex 1. With 
the most EWE occuring in the south of the country as stated in chapter 1 and shown in figure 
5, annex 1, it could be an explaination why the southern region is at increased risk of 
stunting, wasting and underweight compared to the central and northern region, by 
exacerbating the already existing food insecurity (152). Floods and droughts frequently 
reduce the size of harvests which can have significant negative implications for nutrition and 
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stunting (48,153). The vulnerability of smallholder farmers has increased with average 
declines of value per hectare of 42-44% (154). Besides these effects they can also cause 
micronutrient deficienties despite adequate caloric intake (ibid). Sustainable land 
management techniques improve resilience to floods and droughts with proven effective 
examples like legume intercropping and using green belts, but use remains limited to 
farmers with greater wealth levels (154).  
The fisheries sector is affected by both droughts and floods, during droughts water bodies 
declined or even dried up and during floods fish ponds were destroyed (17).  
The effects of climate change on plant- and livestock pests in Malawi are outside the focus 
of this thesis.  
 
Figure 24: Destroyed crops during the floods in 2015 

 
Source: Malawi 2015 Floods Post Disaster Needs Assessment (124) 
 
Household food security: Maize is the primary source of calories with a high consumption 
of 382 gr/capita/day (128). Fish account for 60% of all animal protein at the household level 
(17). Micronutrient deficienties are common, with anemia affecting 60% of all children under 
five (69). When maize is the main source of food for example in times of poverty, children 
will have a high risks of micronutrient deficiencies, see annex 8. After the drought of 2016 
price of maize increased which affected not only the rural poor but also the urban poor, 
decreasing per capita food consumption by 6% (48,116). Availability of food when displaced 
also compromises food security (72). The post-disaster needs assessment after the tropical 
cyclone “Idai” indicated that the income was affected of 500,000 farmers and small 
businesses, increasing poverty (69,116). Greater variability in agricultural incomes in the 
face of climate shocks and displacement will present even greater challenges for rural 
households, due to limited assets and a lack of access to finance, many rural households 
already lack the ability to smooth consumption across harvest and lean seasons (48,72). 
Households may be forced to sell productive assets in times of food insecurity (60). 
Vulnerability to poverty is generally higher than static poverty in Malawi and the past weather 
shocks have pushed these non-poor vulnerable households into poverty (116).  
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Malnutrition: In the CCRA from 2014 an additional 500,000 children are projected to have 
moderate stunting and 1.8 million children severe stunting in 2030 in Eastern Sub-Saharan 
Africa (which included Malawi), the additional deaths due to undernutrition are estimated to 
be 27.999 (table 10, annex 2) (34). Climate change is likely to increase exposure to 
undernutrition in Malawi and subsequently the chance of mortality (48,66). It exacerbates 
existing rates of undernutrition through impacting sufficient, safe and adequate food, 
impacting care and feeding practices and impacting environmental health and access to 
health services (48). Women play a key role in ensuring food is available to the family 
especially their children (17). This is impaired by poverty: the prevalence of stunting was 
46% in the lowest wealth quintile, compared to 24% in the highest wealth quintile in recent 
data from 2019 (60). Nutritional status of (pregnant) women is also negatively influenced by 
all that was mentioned above. Children born from mothers who are thin (BMI<18.5) are more 
likely to be stunted, wasted or underweight (60), so the nutritional status of (pregnant) 
women has a strong link with the childs nutritional status. Droughts are causally related to 
stunting and other child malnourishment outcomes (136). In 2010 it was stated that the 
health sector in Malawi is expected to see an increase of malnutrition due to climate change 
(17). During the drought period in 2016 Malawi saw a significant increase in new admissions 
of SAM and MAM (81). The national health policy promotes several nutrition specific 
interventions like de-worming, provision of insecticide treated bed nets, treatment of 
malnutrition and micronutrient supplementation and the National Resilience Strategy 
supports scaling up the School Meals Programme (60).  
 
Educational attainment 
The cycle of educational attainment as a determinants of nutritional status (UNICEF 
framework) and nutritional status as a determinant of educational attainment (early childhood 
development) are well understood and will not be described here (123,153,155). The effects 
of the focus topics on educational attainment are described in their corresponding headings. 
It is deemed beyond the focus of this thesis to expand on how climate change affects 
educational attainment in other ways. Supplementary information in annex 5.  
 
Forced migration 
The major reason for forced migration in Malawi has been EWE leading to Internally 
Displaced People (IDP), see figure 25 next page. In general, displaced people, women, 
children and the elderly are disproportionately at risk due to their limited access to 
infromation, technology and financial resources (72). The effects of these EWE are 
described in more detail in annex 6. Internal displacements leads to an increased 
vulnerability to infectious diseases in various ways: firstly through disruption of routine 
vaccination services which can cause outbreaks of vaccin preventable diseases (72), 
secondly they may inadvertantly introduce diseases into new areas as a result of moving 
(ibid), thirdly by loss of shelter people have insufficienct access to mosquito nets, having lost 
the one they owned (69,124). Fourthly they are more at risk of diarrhoeal because of 
insufficient water, sanitation and hygeine (WASH) facilities at the IDP camps and loss of 
water supply equimpent (69,72). Fiflty people are more exposed to sexual and gender based 
violence (SGBV) leading to sexually transmitted infections (STI) (ibid). Sixtly due to 
decreased access to (primary) care because of infrastructure damage but also due to 
unavailability in IDP camps treatment options for infectious diseases might not be available  
(124). The effects of forced migration on food security have already been discussed. The 
loss of physical assets due to extreme weather increases poverty (72).  
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Figure 25: Internal displacements after disasters in Malawi 

 
Source: Humanitarian Data Exchange (156) 
 
In- and ex-utero (toxicant) exposures 
The effects of in- and ex-utero exposure of children to pollutants and toxic metals are outside 
the focus of this thesis. The effects of in- and ex-utero exposure to air pollution, 
undernutrition and infectious diseases are discussed in the corresponding sub-headings. 
Supplementary information in annex 5.  



27 
 

Chapter 4 Child health effects  
 

Direct mortality and morbidity from extreme weather 
events (EWE) 
The direct effects on mortality and morbidity from EWE are 
outside the focus of this thesis. Supplementary information 
in annex 5. 
 
Infectious diseases 
Climate change impacts the effect of infectious diseases in 
various ways: by changing the burden of disease, through 
increased exposures, through decreased access to WASH 
facilities and healthcare and by increasing the vulnerability 
of children. Specific focus on infectious diseases who are 
closely linked to the functioning of the health system are 
discussed seperately: vaccin preventable diseases, vector 
borne diseases and waterborne diseases. How health 
facilities were damaged during the EWE is described in 
annex 6.  
 
Changed disease burden: In Malawi increased incidence 
of malaria, cholera and dysentery is expected due to 
climate change (17). Increased temperatures are 
associated with an increased incidence of bacterial causes 
of diarrhea (146). Droughts have increased the prevalence 
of scabies and dysentry in Malawi and floods have 
increased the prevalence of malaria, cholera and 
schistosomiasis (81). The risk of new emerging infectious 
viral diseases might be past the mitigation phase. The 
ecological transition may already be underway and holding 
warming under 2°C within the twenty-first century will not 
reduce future viral sharing, urging the need for adaptation measures like improved viral 
surveillance and discovery efforts (29). Higher temperatures will cause an increase in food-
borne (diarrhoeal) diseases for example due to salmonellosis (48,140). 
 
Increased exposures/vulnerability: EWE contribute indirectly to mortality through spread 
of diseases for example through contact with contaminated water after a flood or increased 
food insecurity and undernutrition (72,121). After floods girls were often required to travel 
long distances to collect water and firewood exposing them to sexual abuse and other forms 
of violence (69). Food insecurtity and displacement due to extreme weather and unfavorable 
rainfall conditions may lead to an increasing trend in women engaging in transactional sex 
e.g. fish for sex which increase the risk of HIV (72), also the marriage of children / 
adolescents, in response to droughs, to older men who have had numerous sexual partners, 
could increase this risk of contracting HIV (115). The risk factors for inpatient child deaths in 
a large cohort study were: being under 2 months, poor nutritional status and exposure to HIV 
(66). Exposure to disease in-utero and during early life (like malaria or cholera) have been 
found to negatively impact cognitive development and educational outcomes (155). 
 
Reduced access: as mentioned above access to care was compromised by the EWE. In a 
large cohort study over two-thirds of malaria cases died within 24h after admission which 
might suggest that late presentation to the hospital was a significant contributory factor (66). 
After the floods of 2019 an estimated 460,000 children lacked basic supplies like food, water 
and access to toilets (134). 
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Vaccine preventable diseases 
The health gains of vaccinations should not be taken for granted. Communicable disease 
outbreaks are primarily caused by displacement or a disruption to routine immunization 
services (72). The EWE have the power to disrupt this otherwise successful strategy: the 
shutdown of the power plants for more than 48 hours in 2019 during the tropical cyclone “Idai” 
and the damage to the important hydropower plant Kapichira due to the tropical storm “Ana” 
in January 2022 are examples were the cold chain for vaccines can be broken (158). Apart 
from the direct effects of these events “immunizations were seriously disrupted in six health 
facilities of Makhanga, Mbenje, Bereu, Ndamela, Gaga and Chithumba for 19 days” (ibid). 
Heat stress can also be challenging in cold chain management, as certain microbes multiply 
faster and more efficiently under higher temperatures (139). Droughts have been associated 
with decreased BCG and measles vaccination and positively associated with polio vaccination 
in Malawi (159). In February 2022 Malawi declared an outbreak of wild poliovirus type 1, which 
was the first outbreak in Africa in more than 5 years (160).  
Although the incidence of Acute bacterial meningitis (ABM) dropped from 2002 until 2012 after 
introduction of Haemophilus influenzae type b (Hib) vaccination in 2002, rainfall was 
associated with 28% fewer cases of ABM due to pneumococcal meningitis, hot weather was 
associated with 42.8% more cases (72,157). 
 
Vector borne disease 
Malaria  
The whole population of Malawi is considered to be exposed to high transmission of 
Plasmodium Falciparum malaria which is the leading cause of mortality and morbitidy in 
children and pregnant women (72,161). As seen in table 3, annex 2, malaria has remained in 
the top 5 causes of child mortality from 1990 to 2019. It remains a major public health problem 
in Malawi with an estimated 6 million cases and it accounts for over 30% of Out Patient 
Department (OPD) visits and 18% of all hospital deaths (161,162). Case fatality rate has 
decreased from 46% in 2011 to 24% in 2014 (161). Important for the aftermath of disasters: 
Teenage mothers were less likely to take preventive measures for ensuring better health for 
their children, they had 20% lower odds of sleeping under a bed net compared to children from 
older mothers (137).  
Under all emission scenarios the range and 
incidence of Malaria is projected to increase, 
with population growth being a contributing factor 
to those at-risk in areas where the presence of 
malaria is a constant in the future (72). Malaria is 
increasingly being reported in high altitude 
plateaus and hilly areas that were malaria-free in 
the last 4-5 decades in Malawi (48). Excluding 
the considerable increase in population an 
increase of 16-28% in person-month exposure to 
malaria risk by 2100 was determined (140). New 
public health measures like malaria vaccin 
testing are ongoing with 220,000 children having 
received at least one dose (163).  
 
  

Box 5 
Plasmodium Falciparum 
requires temperatures of 
18°C for development, at 
least 20°C is needed to 
initiate a malaria epidemic 
(30). At 20°C it takes P. 
Falciparum 26 days to 
incubate but only 13 at 
25°C (30). Transmission 
decreases above 28°C 
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Dengue  
Virus infections due to dengue have seen an 8-fold increase in incidence globally in the past 
two decades, although Aedes Aegypti (the main vector) is present in Malawi no outbreaks 
have been reported in the last 10 years but there have been outbreaks in the past (164,165). 
The projected mortality due to Dengue in the CCRA is low in 2030 and 2050 (see table 10 in 
annex 2). Other infections caused by the the vector A. Aegypti are chikungunya, Zika and 
yellow fever. There have been no significant outbreaks of chikungunya, Zika or yellow fever 
since 2000 (165). Chikungunya has been reported in the past, so far there have been no 
reported cases or serological evidence reported from infections by Zika or yellow fever in 
Malawi.  

Other vector borne disease that pose major health risks for children are Japanese Encephalitis 
(JE) and schistosomiasis (166). It is not known whether climate change is contributing to the 
spread of JE spread but the first report on African soil was reported in Angola, Malawi does 
seem suitable with a growing amount of rice paddies and pig bites which are important for the 
Culex vector (167). Schistosomiasis is already prevalent around Lake Malawi, reinfection 
occurs rapidly especially among children aged 6-12 years that live along the lake shore making 
mass drug administrations alone not effective enough in its control (168). No specific 
information on changes of incidence or prevalence due to climate change was found, but 
floods could wash the snails to downstream areas (72).  
 
Water borne diseases 
Diarrhoeal diseases were the cause of death for 8.8% amongst children under 20 years old in 
Malawi in 2019, this has decreased from 17.8% since 1990, see table 3, annex 2 (67). The 
majority of the population 87.9% (range 84%-97% for wealth quintiles) has access to improved 
sources of drinking water (169). Contamination of drinking water is common with 60% of 
households with E. Coli (pathogen and indicator of fecal contamination) in source water and 
only 5% with an improved drinking water source, free from contamination, availaible when 
needed (ibid). Households using improved sanitation was 80.1% (range 65-95 for wealth 
quintiles) and 28.2% (range 13-52% for wealth quintiles) of household members had 
handwashing facility with water and soap present (ibid).   
Lack of access to basic sanitation contributes to the high disease burden in the country, 
especially with floods and droughts increasing communicable disease like cholera and 
dysentry as a result of further contamination of surface waters (72). Both rising ambient and 
water temperature increase the growth of V. Cholerae (ibid). In the case of droughts water 
becomes more scarce and the poorest people tend to resort to unsafe water sources (139).  
Cholera outbreaks have been attributed to the severe drought in 2016 associated with El Niño 
and to disruptions of Water, Sanitation and Hygeine (WASH) infrastructure in the aftermath of 
cyclone Idai (72). In March 2022 Malawi again declared a cholera outbreak after the tropical 
storm Ana and Gombe (80). Effects of these EWE on WASH infrastructure is provided in 
annex 6. Flooding is associated with child morbidity like diarrhea which in turn is associated 
with high risk of undernutrition (152). Access to improved sanitation appears to be associated 
with lower malnutrition (123). Floods not only cause short term WASH-problems, in a study of 
279 hand-pumped boreholes in Mulanje District it was found that even after initial treatment 
(shock chlorination) and safety of these boreholes, after 1 year 40% was reinfected with E. 
Coli and 20% deemed unsafe (170).  
Water borne disease incidence such as childhood diarrhoeal disease, are also influenced by 
ambient temperature and El Niño, the number of pediatric admissions (due to dehydration by 
diarrhoea) doubled when temperature was 5 degrees warmer then normal during El Niño in 
Peru (140,171). WHO is supporting Malawi to implement Early Warning, Alerts and Response 
Systems (EWARS) to identify potential risks for climate-sensitive water- or vector-borne 
diseases in 4 selected districts (63). 
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Respiratory diseases 
Aerosol pollutants (Carbon Monoxide, Sulferic Oxide, Ozone, Nitrogen Dioxide, PM) are 
known to increase the risk of development of non-communicable respiratory diseases 
(NCRDs) such as asthma, chronic bronchitis, chronic obstructive pulmonary disease and 
allergic rhinitis (127). And (ambient) air pollution is associated with childhood pneumonia 
(172,173). No studies were found on how climate change effects these (non)-communicable 
respiratory diseases for children in the Malawian context.  
 
Mental health 
This topic is outside the focus of this thesis. Supplementary information in annex 5.   
 
Other health effects 
Global studies have shown climate change could alter the dynamics and risk of negative 
maternal health outcomes, forced child marriages, human trafficking, sexual exploitation and 
gender based violence (72).  
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Discussion  
Climate change is the biggest threat to global health and the poor will initially suffer the most 
of its consequences (23). Malawi is one of the low income countries to which this phrase 
applies. The objective of this thesis is to discuss the main health effects of climate change on 
children in Malawi focussing on undernutrition, infectious diseases and air pollution. The 
literature shows an intricate web of cascading effects. The vulnerabilities already existing in 
Malawi, widespread poverty and undernutrition, population growth with increasing pressures 
on the natural systems, high dependency on rainfed subsistence farming, high burdens of 
disease leading to an overburdened health system, all lead to a balance which can easily tip 
towards disaster. The implementation of the SDG’s focus on 3 dimensions: people, planet and 
prosperity which should address the above vulnerabilities. Climate change is possibly a game 
changer which could severly limit progress towards these goals if not addressed adequately 
and urgently. The effects described in the results jeopardise progress towards these goals of 
which SDG 1-6 are most relevant for this thesis on child health.  

Figure 26: The Sustainable Development Goals 

Source: https://www.un.org/sustainabledevelopment/news/communications-material/ 
 
In the following section the results of this thesis will be discussed in the context of the 
corresponding SDG’s. To improve readability the targets and indicators are shortened, for a 
reference to the complete targets and indicators see the referenced document (15).  
 

The frequent and widespread occurrence of mostly weather shocks has led to 
virtually no progress in poverty reduction between 1998 (52%) and 2020 (50.8%) 
(116,123,174). Reducing at least half of the proportion of population living in 
poverty by 2030 (target 1.2) seems very challenging if not impossible, especially 
with EWE predicted to occur more frequently in the future due to climate change 

(17). With the widespread (future) infrastructure damages due to heavy rainfall, storms and 
floods also ensuring basic services to all will be very challenging (target 1.4).  
EWE have caused many households to lose income or assets (48,116). For children this leads 
to reduced educational attainment, reduced consumption through increased food insecurity, 
increased risk of disease all leading to increased risk of undernutriton. Part of the plans in the 
Malawi National Social Support Program II (MNSSP II) involve expanding school meal 
programs during shocks (indicator 1.3.1) (175). Due to its location with its vulnerability through 
geo-climatic factors (69) reducing the exposure and vulnerability to climate related events will 
be vital (target 1.5). The IPCC states that eradicating extreme poverty, energy poverty and 
providing decent living standards to all in these regions in the context of achieving sustainable 

https://www.un.org/sustainabledevelopment/news/communications-material/
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development objectives in the near term (2030) can be achieved without significant global 
emissions growth (176).  
 

Climate change is impacting national and household food security through 
several pathways leading to an increase of child undernutrition. The increased 
EWE and high intensity rainfall destroy crops, kill livestock, decrease yields 
and increase food prices which has caused millions of people to become food 
insecure in the past 5 years (indicator 2.1.2) with increased numbers of MAM 

and SAM (indicator 2.2.2.). Raised temperature will impact child health through increased 
food insecurity due by decreased yields (long term), possible decreasing fish stocks and 
increased water stress.  
Based on the CCRA data (tabel 10 in annex 2) both moderate and severe stunting is 
expected to increase with 1.4 and 1.8 million in Eastern Sub-Sahara Africa (region of Malawi 
in this assessment). Based on stunting prevalence data of the past 10 years the average 
annual rate of reduction (AARR) was calculated to be 1.95% (calculation and reflection on 
this in annex 7). This would estimate the prevalence in 2025 to be 33.5%. This shows that 
additional effort will be needed to reach the target of 26.3% (indicator 2.2.1). Loss of crops or 
decreased yields could potentially have devastating consequences for Malawi through its 
high depency on maize. Diets which are heavily depending on maize meal / corn meal have 
very poor micronutrient contents, see annex 8. Prevalence of anemia in children is very high 
with 60% (69) this make reaching indicator 2.1.1. (prevalence of undernourishment) and 
2.2.3 (prevalence of anemia) difficult, although indicator 2.2.3 only counts anemia in women 
aged 15-49.  
The costs of not addressing stunting includes a 10.3% loss in GDP and declines in 
productivity (60). Multisectoral approaches that address food availability, health and 
sanitation are associated with reductions in stunting rates (136). Also legume intercropping 
and green belts have been effective in reducing vulnerability to extreme weather (154), with 
an additional benefit of the higher nutritious content of legumes. In the National Resilience 
Strategy the focus pillars include resilient agriculture and nutrition, besides the school meals 
programs no specific actions are mentioned for children (62).  
 

The top 5 causes of under 5 mortality (U5M) are all expected to be impacted by 
climate change. The progress that has been made in reducing the U5MR is 
threatened by climate change. Child health in Malawi will mostly be impacted 
through increased food insecurity, limited poverty reduction, forced migration, 
reduced access to WASH and healthcare / quality of healthcare, decreased 

educational attainment, air pollution, direct morbidity and mortality and increased risk of 
infectious diseases. Although climate change will increase the frequency of EWE, 
anthropogenic environmental degradation and loss of watershed protection wil increased the 
vulnerability to these shocks (48).  
 
Infectious diseases 
With almost 5000 (12% of total) child deaths due to malaria in 2019 it is still a major cause of 
mortality (table 3, annex 2). Although the CCRA predicts an increase of mortality due to 
malaria in Eastern SSA in 2050 this could possibly be less if ongoing public health 
interventions like vaccination prove succesfull. Due to increased mean annual temperatures 
reproduction speed is expected to increase and the geographical distrubution is expected to 
expand to higher altitude areas which could increase the population at risk and jeopardise 
progress on target 3.3 (a.o. end malaria epidemics). With a projected expansion of malaria 
to higher areas, testing and treatment options should be expanded there as well. The effects 
of other vector borne disease on child health are expected to be limited based on literature 
found, although schistosomiasis could expand its spread due to floodings.  
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Climate change might increase the risk of new HIV / sexually transmitted infections in 
vulnerable populations through various pathways but the consequences for children could 
possible be limited. The amount of pregnant women requiring PMTCT and also receive it 
approaches 100%. In case the health system will be successful in addressing this need in 
displaced / vulnerable pregant women then the health effects on children should be limited 
(indicator 3.3.1 reducing new HIV infections). Diarrheal disease accounts for 8.4% of U5M. 
With the increased risk of flooding and high intensity rainfall and subsequent contamination 
of water sources and increases in cholera and dysentry (72) this could reduce progress on 
target 3.2 (reducing U5MR).  
Progress on indicator 3.b.1 (vaccination coverage) could be limited through disruption of 
health services due to frequent EWE and their subsequent infrastructure damage also by 
breaking cold chains. The reduction of BCG vaccination in the aftermath of EWE (given 
directly after birth) implies decreased access to facility based deliveries (e.g. due to 
damaged roads / health facilities) which could increase the risk of neonatal mortality 
(indicator 3.2.2.).  
 
Higher temperature and increased air pollution.  
No studie were found on the effects of increasing temperatures on ambient and household air 
pollution to children in Malawi. Due to the high levels of air pollution in Malawi this could 
potentially have serious consequences for respiratory health for children. Higher mean 
temperatures could increase the susceptibility to toxicants and (air) pollutants, the extend of 
this is yet to be determined since studies in low-income countries have been limited. Droughts 
can also lead to forestfires and wildfires causing large amouts of smoke impacting air quality, 
this smoke is harmfull even over long distances, children under 12, who breathe twice as 
frequently as adults, could be particularly impacted (139). Maternal exposure to air pollutants 
(PM, ozone, nitrous oxides) is associated with PTB, LBW and SGA (144), all of which influence 
perinatal mortality (indicator 3.2.2. neonatal mortality rate) and could also increase the risk of 
undernutrition later in the childs life. Postnatal exposure to air pollutants is associated with 
infant mortality (indicator 3.2.1 U5MR). Unfortunately no studies on these subjects have been 
conducted in Malawi so the expected change in burden of disease is unknown but could 
possibly limit progress on target 3.2.1, 3.2.2 and 3.9.1 (reducing mortality due to household 
and ambient air pollution). 
 

There are several factors linked with climate change that are challenging 
progress in goal 4. The impact on educational infrastructures has been 
significant, this combined with an additional 1.3 million children between 5-15 
years needing education in 2030, table 2 annex 2, the strain on learning 
infrastructure will need to be addressed (target 4.1, 4.2, 4a, ensuring education 

and schools). Due to poverty school fees may not be affordable and child labour will limit 
children’s school attendance. Looking through a life cycle lense: infections in early life seem 
to impact educational outcomes and maternal education reduces child malnutrition which 
influences children reaching their potential.  
 

Target 5.2 (ending all forms of violence against girls/women) and 5.6 (universal 
access to sexual and reproductive healthcare (SRHR)) are compromised by 
the EWE due to infrastructure damages (health facilities), the decreased 
availability of condoms in IDP camps and the increased exposure to Sexual 
and Gender Based Violence (SGBV) in the IDP camps and the prolonged time 

needed for collecting water and firewood. The indicators (5.2.1, 5.2.2) only consider SGBV 
for girls aged > 14 years which would disregard all children under 15 years. Target 5.3 aims 
to eliminate all harmfull practices such as child early and forced marriage, which was 
increased in the aftermath of EWE to escape poverty of a household, in 2017 the 



34 
 

constitution was changed making it child marriages under 18 years illegal, although this 
doesn’t rule out this still happening, important steps are being made. Addressing poverty and 
undernutrition by implementing social protection systems (target 1.3) will help preventing this 
from occuring. When planning public health campaigns it is relevant to consider that within 
the poor population only 8% of women and 19% of men owned a mobile phone and only 
12% of total population had access to the internet (indicator 5.b.1).  
 

In current models mean annual rainfall is not projected to increase or 
decrease, rainfall variability is projected to increase. This increases the 
exposure to dry spells and high intensity rain which in itself could decrease 
food security, increase air pollution and increase the risk of infectious diseases. 
Raised temperature causing increased evaporation will lead to increased water 

stress. Floods and droughts are major challenges to clean water and sanitation with long 
lasting vulnerabilities to contamination with E. Coli (target 6.1, 6.2, 6.3, access to WASH and 
decrease water contamination).  
In one study mercury in fish from lake Malawi was not high, but the study is already quite 
dated (published in 2003), with increasing temperatures and acidification potentially 
increasing the vulnerability to pollutants, hazardous chemicals and materials (target 6.3), 
vigilance is important and repeated studies of pollution in relation to climate change would 
help policy making. It was outside the scope of this study to comprehensively analyse 
existing literature on pollution of fish in Malawi.  
 
Some reflection on the other SDG’s is provided in the supplementary materials, annex 5. 
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Analytical framework 
The strength of the analytical framework comes from the solid base of literature found in the 
scoping review addressing all available literature on the topic from 2000 to june 2019. By 
combining different frameworks the final version is very comprehensive. It also explains the 
links between the distal effects of climate change on more proximal determinants of child 
health. A limitation of the framework is that its not considering the specific role poverty plays 
as a determinant of child health. Since poverty is a major determinant of adverse health 
outcomes in children and also increases the vulnerability to the direct effects of climate 
change, it would make sense to add a field above “Increased risk of disease” with the field 
“Increased poverty” with arrows in both directions in the conceptual framework or for 
example as field in the indirect effects. A suggestion on how poverty could be introduced in 
the framework is shown in figure 27. The same arguments used for poverty also apply to the 
health system, by adding it to the framework the role of the health system in the context of 
climate change can be considered specifically. When developing policies based on the 
results of the framework, it would be interesting to see what would happen if it were to be 
combined with the sustainble livelihoods framework, as shown in figure 14, annex 1 (108). 
This would guide policies for mitigation and adaptation strategies by taking into account the 
5 dimension of livilihood assets/capital. On a more theoretical level the framework could 
benefit from an analysis of the determinants of child health which could additionally be 
impacted to identify possible knowledge gaps which could provide recommendation for 
researchs areas.  
 
Figure 27: possibilties for introducing poverty and the health system in the framework 
 

 
 

OR 
 
 
 
 

  
Source: altered expanded framework of Helldén et al (12) 
 
Strengths  
The objective of this thesis was to discuss the main effects of climate change on child health 
in Malawi. By using a comprehensive framework and corresponding search strategy a large 
amount of literature was reviewed and the main effects on child health identified for the focus 
topics. By using the clear cascading effects it is explained how climate change is impacting 
child health in Malawi. When no information was found in the country context, general 
impacts were described using information from neighbouring countries or comparable 
settings and the topic was identified as a possible knowledge gap. The identification of 
vulnerabilities was helped through a comprehensive background description. By identifying 
the top 5 causes of child mortality helped viewing diseases in the right perspective. By 
including details on the population growth of children U5 and U15 this century, the continued 
strain on all facilities and natural resources are clear. By discussing the results in the context 
of the SDG’s  adaptation plans can possibly more easily include the results in following 
policies.  
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Weaknessess 
Since this literature review was done by one researcher selection bias will play a 
considerable role. Although a large amount of literature was reviewed it is possible 
significant papers were overlooked / not found or significant information within papers was 
missed or misinterpreted. Also no quality assessments of the included studies were made 
therefore the valitidy of the results might be limited.   
When no information was found for the Malawian context and interpolations were made from 
other countries or global studies these results might be over- or underestimated.  
In climate change research it is common to use various emission scenarios combined with 
scenarios on (global) population growth, economic growth and socio-economic pathways. 
This thesis did not focus on specific pathways (emissions or socio-economic) the range of 
the results could therefore also be over- or underestimations. When applying these 
scenarios to low-income countries this poses also some ethical considerations: when high 
emission scenarios are used, findings could be overestimated and corresponding adaptation 
plans underutilized if in the future don’t match with real emissions, this could limit the cost-
effectiveness of these adaptation plans. In settings were resources are less constrained it is 
possibly easier to “stay on the safe side”. From a global health perspective it makes sense to 
make comprehensive adaptation plans for the worst case scenarios, then in a not-worst case 
scenario at least no harm was done. But in a more realistic setting resources will be 
constrained and difficult choices will have to be made. This is therefor also call for action on 
the research communities to try and reach concencus on what scenario is most plausible or 
best defendable, in estimating the future effects of climate change so dicisions can be made 
based on best available information taking in consideration that low-income countries are 
even more vulnerable to misinvestments.  
 
Search strategy 
The search strategy was not as broad as it could have been, key words were not formulated 
in the broadest sence of the words represented, this might have impacted the results by not 
finding relevant papers that did not contain the used key words. However by the rigorous 
amount of literature reviewed, the many databases searched and the snowballing strategy 
used in relevant papers this effect was aimed to be limited. In a situation with no time contraints 
this should be done in a more broad way. Since I was not eligible to use the Research4life 
databases (HINARI, AGORA, OARE, ARDI) it is possible relevent publications are missed.  
Mostly due to time constraints concessions were made on the scope of the thesis and resulted 
in focussing on undernutrition,  infectious diseases and air pollution, this resulted in limited 
search results in the other chapters and subheadings which are added in the supplementary 
materials, annex 5.  
 
Ethical considerations:  

- Is it justified for low-income / least developed countries to only spend money on 
adaptation programs instead of mitigation programs, unless they have co-benefits? 

- When we apply “primum non nocere” to climate change action / research and its 
relation to health, what will it imply? 

- How can we prepare for the unknown unknowns, the “black swan” effects of climate 
change? 
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Conclusion and recommendations 
Malawi is currently not on a trajectory to achieve SDG goal 1 (eliminate poverty) and SDG 2 
(reduce stunting) in which climate change plays a considerable role. Progress on the targets 
for U5MR (3.2.1.), ending the malaria epidemic (3.3.3.), mortality due to air pollution and 
unsafe WASH circumstances (targets 3.9.1 and 3.9.2), educational attainment (target 4.1 
and 4.2), eliminate gender based violence and access to sexual and reproductive health 
services (target 5.2 and 5.6) could be severely compromised by the effects of climate 
change. There is a considerable knowledge gap on the effects of heatwaves, air pollution, 
impact on inland lakes and fish stocks/pollution which needs to be addressed.  
Extreme weather events are identified as important distal determinants of child health by 
leading to food insecurity, displacement, undernutrition and increased risk of infecious 
diseases. Malawi is facing a herculian effort by coping with extreme weather events 
disrupting its development, population growth, land degradation, food insecurity, double 
burden of diseases all of which are aggrevated by climate change. It is impacting child health 
at many levels. The commitment of the world to addressing climate change and the SDG’s 
provides opportunities for financing adaptation strategies and thereby increasing the change 
of reducing the effects of climate change and the above mentioned factors on child health.  
Results of this thesis will be useful for comparable settings but will need contextualization, 
they could serve as a supplement for policy reviews and as additional justification of climate 
action by high-income countries. 
 
Recommendations 

- For the Ministry of Health address the knowledge gaps mentioned in this thesis 
would improve decision making for effective adaptation policies 

- For the committee updating the NDC, the results of this thesis could be used to 
increasing the child sensitivity  

- For the Ministry of Agriculture it is worth considering the low nutritious content of 
maize as a staple crop in the face of ongoing and predicted burden of undernutrition 

- To the committee updating the National Resilience Strategy, the results of this thesis 
could lead to better preparedness and limiting the adverse effects on children due to 
extreme weather events  

- To the Dutch professional societies of health professionals, the results of this thesis 
can be used for advocacy to strive for effective climate change mitigation measusres 

- To the (global) research communities the effects of climate change in low-income 
countries should be more prioritized, including the effects of heat waves and pollution 

 
The results of this thesis shall be shared with the Ministry of Health (MoH), in charge of 
health system related affairs and the Ministry of Forestry and Natural Resources, in charge 
of the climate change related affairs, UNICEF, the Dutch Society for Tropical Medicine & 
International Health and the Dutch Pediatric Society for advocacy purposes.  
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Annexes 

Annex 1: Figures 
Figure 1: Children caught in a vicious cycle of increasing exposures and vulnerabilities face 
an increase in their overall level of risk (35) 

 
 
Figure 2: CCRI conceptual model: pillars and components (35) 

 
 



55 
 

Figure 3: Cause of under 5 deaths 1990 vs 2019 Malawi, both sexes 
 

 
 
 

 

 

 

 

 

 

Source: IHME Global Burden of Disease 2019 (67) 
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Figure 4: Recurrence of food insecure populations > 30% (2009-2013 WFP/IHS) (73) 
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Figure 5: Malawi ICA 2014, combined drought and flood risk by district (73) 
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Figure 6: AR5 Synthesis report SPM (74) 
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Figure 7: Expected change in climate Malawi under RCP 8.5 
 
 

 
 
 
 

 
 
 
 

 
 
 
 
 

 
Figure 8: The Earth’s Carbon Budget visualised by Dane McFarlane and Elizabeth 
Abramson (177) 
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Figure 9: HIV/AIDS indicators Malawi 

 
Source: WHO Global Health Observatory – Metadata – The Humanitarian Data Exchange (63) 
  For table with numerical data see annex 2, table 5 
 
Figure 10: Trump ending the war on beautiful clean coal 
 

 
Source: CNN, Dominick Reuter / AFP / Getty Images (101) 
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Figure 11: Climate change and child health: an expanded framework (12) 
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Figure 12: Mechanisms by which the harmful effects of ecosystem change can affect human 
health (Millennium Ecosystem Assessment) (3) 

 
 
Figure 13: The pathways between climate change and human health (107) 
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Figure 14: Sustainable livelihoods framework (108) 

 
Figure 15: Climate change effects as distal (left) and proximal (right) determinants 
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Figure 16: Graphical representation used in design of LS-SEHD / GLOBE study (111) 
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Figure 17: Main determinants of health model by Dahlgren and Whitehead (112) 
 

 
 
 
Figure 18: Conceptual framework for action on the SDH by the CSDH (113) 
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Figure 19: natural hazards in Malawi (World Bank) 

 
Source: World Bank, climate change knowledge portal (114) 
 
Figure 20: Annual rainfall for Malawi in 34 CMIP5-models, ensemble mean in bold red 

 
 
 
 
 
 
 
 
 
 

Source: Future Climate For Africa (FCFA) (126) 
 
 
Figure 21: Percentage change in mean days with rainfall and rainfall per rainy day, Global 
Climate Models on the x-axis 
  

Source: Future Climate For Africa (FCFA) (126) 
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Figure 22: Time series of mean annual temperature (C°) for 34 CMIP5 models 

 
Source: Future Climate For Africa (FCFA) (129) 
 
Figure 23: Flooded village in Lower Shire in 2015 after the highest rainfall on record 

 
Source: Malawi 2015 Floods Post Disaster Needs Assessment Report (124) 
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Figure 24: Destroyed crops during the floods in 2015 
 

 
Source: Malawi 2015 Floods Post Disaster Needs Assessment (124) 
 
 
Figure 25: Internal displacements after disasters in Malawi 
 

 
Source: Humanitarian Data Exchange (156) 
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Figure 26: The Sustainable Development Goals 

 
Source: https://www.un.org/sustainabledevelopment/news/communications-material/ 

 
 
Figure 27: possibilties for introducing poverty and the health system in the framework 
 

 
 

OR 
 
 
 
 

  
Source: altered expanded framework of Helldén et al (12) 
  

https://www.un.org/sustainabledevelopment/news/communications-material/
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Annex 2: Tables 
 

Table 1: Country information: The Republic of Malawi 

 
 
 

 

 

 

 

 
Source: https://www.malawi.gov.mw, accessed 25-05-2022 (54) 

Table 2: UN Population Prospects 2019 Malawi 

Source: World Population Prospects 2019 (56) 

 
 

 
 
 
 

 
 
 
 
 

 
 
 
 

 

Land area 118.484 km2 (20% water) 
Population 18.6 million 
Capital city Lilongwe 
Main towns Blantyre, Zomba, Mzuzu 
Climate Tropical (cooler in highlands) 
Official language English 
Common language Chichewa 
Currency Kwacha 
President Dr. Lazarus McCarthy Chakwera 
Government Ministries 21 

 Total population 
in millions 

Under 5 years 
in millions 

Under 15 years 
in millions 

1950 (estimation) 3.0 0.6 1.3   (46% of total) 
1990 (estimation) 9.4 1.7 4.2   (45% of total) 
1992 (estimation) 9.7 1.8 4.4   (45% of total) 
2015 (estimation) 16.7 2.8 7.6   (45% of total) 
2030 (projection) 24.8 3.5 9.6   (39% of total) 
2050 (projection) 38.1 4.3 12.3 (32% of total) 
2100 (projection) 66.6 4.3 (peak 4.6 in 2072) 13.2 (peak 13.8 in 2077) 

https://www.malawi.gov.mw/
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Table 3: Causes of child death in Malawi for children under 5 and 5-19 year 

 Under 5 5-19 year 
 1990 2019 1990 2019 
Cause n (%) n (%) n (%) n (%) 
All causes 94296 (100) 31820 (100) 7632 (100) 7890 (100) 
Asthma 186 (<0.5) 60 (<0.5) 43 (0.6) 48 (0.6) 
Congenital birth defects 4238 (4.5) 2355 (7.4) 101 (1.3) 144 (1.8) 
Dengue 11 (<0.5) 6 (<0.5) 3 (<0.5) 5 (<0.5) 
Diarrheal diseases 17404 (18.5)      2679 (8.4)  730 (9.6)  823 (10.4) 
Drowning 430 (0.5) 140 (<0.5) 105 (1.4) 104 (1.3) 
Environmental heat and cold 
exposure 

23 (<0.5) 9 (<0.5) 12 (<0.5) 14 (<0.5) 

Exposure to forces of nature 0  8 (<0.5) 0 20 (<0.5) 
Fire, heat and hot 
substances 

240 (<0.5) 94 (<0.5) 35 (<0.5) 39 (<0.5) 

HIV/AIDS 3020 (3.2) 808 (2.5) 552 (7.2) 1689 (21.5) 
Lower respiratory infections 11038 (11.7)  4104 (12.9)  510 (6.7) 439 (5.6) 
Malaria 17136 (18.2)  3990 (12.6)  1104 (14.5) 759 (9.6) 
Measles  6277 (6.7) 183 (0.6) 715 (9.4) 27 (<0.5) 
Meningitis 3593 (3.8) 892 (2.8) 552 (7.2) 434 (5.5) 
Neonatal disorders 14292 (15.2)  10220 (32.1)    
Neoplasms 1359 (1.4) 644 (2.0) 269 (3.5) 501 (6.3) 
Non-communicable 
diseases 

7473 (7.9)  3799 (11.9)  1034 (13.6) 1587 (20.1) 

Poisonings 204 (<0.5) 67 (<0.5) 33 (<0.5) 35 (<0.5) 
Protein-energy malnutrition 4732 (5.0) 1066 (3.4) 227 (3.0) 123 (1.6) 
Road injuries 455 (0.5) 154 (0.5) 370 (4.9) 458 (5.8) 
Self harm   89 (1.2) 137 (1.7) 
Tetanus 365 (<0.5) 137 (<0.5) 34 (<0.5) 36 (<0.5) 
Tuberculosis 1789 (1.9) 387 (1.2) 444 (5.8) 324 (4.1) 
Whooping cough  1077 (1.1) 602 (1.9) 52 (0.7) 38 (<0.5) 

*in red are the top 5 causes 
Source: IMHE, Global Burden of Disease (67) 
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Table 4: Health indicators: The Republic of Malawi 

 

 

 

 

 

 

 
 
 
 
 
 

Source: WHO Global Health Observatory – Metadata – The Humanitarian Data Exchange (52) 
 1 Multiple Indicator Cluster Survey (MICS) 2019-2020 (178)  
 2 Census data 2018 (53) 
 
Table 5: HIV/AIDS indicators Malawi  

Year PLWHA 
(People 

living with 
HIV/AIDS) 

Deaths 
due to 

HIV/AIDS 

People 
on ARV 

Children 
on ARV 

New 
infections 
with HIV 

Prevalence 
of HIV 
among 

adults aged 
15 to 49 (%) 

2020 990.000 12.000 853.032 45.689 21.000 8,1 
2010 930.000 39.000 250.953 15.733 57.000 10,7 
2000 940.000 68.000 0 0 92.000 14,9 

Source: WHO Global Health Observatory – Metadata – The Humanitarian Data Exchange (63) 
 
Table 6: Economic indicators: The Republic of Malawi 

 

 

 
 
 
 

Source: The World Bank - Data (179,180) 
  *Census data 2018 (53)  
 
 
 
 

 

Neonatal mortality rate 2020 19.1 / 1000 live births 
Infant mortality rate 2020 29.0 / 1000 live births 
Neonatal tetanus protection1 2020 87% 
Under 5 mortality rate  2020 38.6 / 1000 live births 
Life expectancy at birth 2019 65.6 years 
Yearly deaths due to malaria (all) 2020 7165 
Estimated malaria mortality rate 2020 37.5 / 100.000 population 
Intermittent preventive therapy  
for pregnant women (IPTp) for malaria1  

2020 48%  

Stunting prevalence under 5 years 2020 37% 
Wasting prevalence under 5 years 2019 0.6% (<-2SD) 
Maternal mortality rate  2017 349 / 100.000 live births 
Births in past 12 months (census)2 2018 576.606 
Skilled birth attendance1 2020 96% 
Institutional delivery1 2020 97% 
Births by caesarean section 2010-2016 6.1 % 
Deaths in past 12 months (census)2 2018 110.776 

GDP (current US$) 2020 12.18 billion USD 
GDP per capita (current US$) 2020 636.3 USD 
GDP per capita (PPP) 2020 1591.5 USD 
Public sector dept (in percent of GDP) 2019 59.5% 
Working age population (15-64y)* 2018 9.188.275 (52.3% of population) 
Employed persons* 2018 5.389.463  
Unemployed persons* 2018 1.224.602 
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Table 7: Search strategy for analytical framework 
OR Framework (All Fields) AND “child health” (MeSH 

term) 
AND “Climate change” 

(MeSH term) 

Framework s (All 
Fields) 

“child” (All Fields) 
AND “health” (All 
Fields) 

“climate” (All Fields) 
AND “change” (All 
Fields) 

Frameworks (All 
Fields) 

“child health” (All 
Fields) 

“Climate change” 
(All Fields) 

 
Table 8: Search strategy for potential adjustments or additions to the framework 
 Limitations: published from 01-06-2019 until 01-01-2022 

With and without: “framework” 
OR  “child health” 

(MeSH term) 
AND “Climate change” 

(MeSH term) 
AND “Malawi” (MeSH term) 

“child” (All Fields) 
AND “health” (All 
Fields) 

“climate” (All Fields) 
AND “change” (All 
Fields) 

“Malawi” (All fields)  

“child health” (All 
Fields) 

“Climate change” (All 
Fields) 

“Malawi s” (All fields) 
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Table 9: Key words used in search strategy 
 
Chapter 1 
Child health related 
search terms 

 Climate change 
related search terms 

 Analytical  framework 
related search terms 

 Geography related 
search terms 

Child Health AND / 
OR 

Climate change AND / OR Extreme weather AND 1st “Malawi” 
Child  Climate  altered rainfall Sub-Sahara Africa 
Children  raised temperature SADC 
  sea level rise Southern Africa 
  acidification of oceans Eastern Africa 
   Tanzania 
   Zambia 
   Mozambique 
    

 
Chapter 2 
Child health related 
search terms 

 Climate change 
related search terms 

 Analytical  framework 
related search terms 

 Geography related 
search terms 

Direct effects 
Child Health AND / 

OR 
Climate change AND / OR Temperature change AND 1st “Malawi” 

Child  Climate  Precipitation and floods Sub-Sahara Africa 
Children  Droughts and wildfires SADC 
   Southern Africa 
   Eastern Africa 
   Tanzania 
     Zambia 
     Mozambique 
Indirect effects   
Child Health  AND / 

OR 
Climate change AND / OR Ecosystem disruption  

Child Climate Changing vector pattern  
Children  Aeroallergens  
  Air pollution  
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Chapter 3 
Child health 
related search 
terms 

AND / OR Climate change 
related search 
terms 

AND / OR Analytical  
framework related 
search terms 

AND Geography related 
search terms 

Child Health Climate change food insecurity and 
malnutrition 

1st “Malawi”  

Child  Climate educational attainment Lake malawi 
Children  forced migration Sub-Sahara Africa 
  toxicant exposure SADC 
  in-utero exposure Southern Africa 
  Food security Eastern Africa 
  School  Tanzania 
  Undernutrition Zambia 
  poisoning Mozambique 

 
Chapter 4 
Child health 
related search 
terms 

AND / OR Climate change 
related search 
terms 

AND / OR Analytical  
framework related 
search terms 

AND Geography related 
search terms 

Child Health Climate change Direct mortality and 
morbidity from extreme 
weather events 

1st “Malawi” 

Child  Climate Infectious diseases Sub-Sahara Africa 
Children  Respiratory diseases SADC 
  Mental health Southern Africa 
  Other health effects Eastern Africa 
  Pneumonia Tanzania 
   Zambia 
   Mozambique 
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Table 10: Climate Change Risk Assessment (CCRA) estimations for Eastern Sub-Saharan Africa (SSA-E)*  
 

  Stunting, 
moderate 

Stunting, 
severe 

Undernutrition Malaria Dengue Diarrhoeal 
disease 

Heat 

SSA-E 2030 500.000 1.800.000 27.999 143 6 10.997 1.212 
 2050 1.400.000 1.800.000 26.480 22.194 5 6.951 4.543 
World 2030 3.600.000 3.900.000 95.176 60.091 258 48.114 37.588 
 2050 6.200.000 3.900.000 84.697 32.695 282 32.955 94.621 

Source: Climate Change Risk Assessment (CCRA) by WHO in 2014 (34) 
 
* CCRA countries in Eastern Sub-Saharan Africa (SSA-E): Burundi, Djibouti, Eritrea, Ethiopia, Kenya, Madagascar, Malawi, Mozambique, 
Rwanda, Somalia, Sudan, Uganda, United Republic of Tanzania, Zambia (34) 
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Table 11: Databases searched 

Pubmed : https://pubmed.ncbi.nlm.nih.gov/  
 
 
Web of Science : https://www.webofscience.com 
 
Cochrane Library : https://www.cochranelibrary.com  
 
WHO – Institutional Repository for Information Sharing (IRIS) : https://apps.who.int/iris/  
 
The World Bank – Open Knowledge Repository   
https://openknowledge.worldbank.org/discover 
& 
https://climateknowledgeportal.worldbank.org/country/malawi  
 
Google Scholar 
https://scholar.google.com/  
 
WHO regional website for Africa 
https://www.afro.who.int/search  
 
Scopus : https://www.scopus.com  
 
LibSearch of the Free University of Amsterdam (a.o. CINAHL, ERIC, WorldCat, 
ScienceDirect, PsychINFO, Pubmed Central, BioMed Central). 
https://vu.nl/en/about-vu/divisions/university-library  
 
UN organisations (UNICEF, Reliefweb.int, UNDP, UNEP) 
https://www.unicef.org/reports 
& 
https://reliefweb.int/country/mwi  
& 
https://www.undp.org/  
& 
https://www.unep.org/  
 
Red Cross Red Crescent Climate Centre : https://www.climatecentre.org/search-results/ 
 
Save the Children : https://resourcecentre.savethechildren.net/ 
 

 
Table 12: Websites searched of government of Malawi  

Websites searched for publications on climate change, policies and child health:   
https://www.malawi.gov.mw/  
https://www.health.gov.mw/  
https://www.finance.gov.mw/index.php/departments/national-statistical-office  
https://www.metmalawi.gov.mw/  
https://www.ead.gov.mw/  
https://www.malawi.gov.mw/opc/index.php/departments/dodma  
 

 

https://pubmed.ncbi.nlm.nih.gov/
https://www.webofscience.com/
https://www.cochranelibrary.com/
https://apps.who.int/iris/
https://openknowledge.worldbank.org/discover
https://climateknowledgeportal.worldbank.org/country/malawi
https://scholar.google.com/
https://www.afro.who.int/search
https://www.scopus.com/
https://vu.nl/en/about-vu/divisions/university-library
https://www.unicef.org/reports
https://reliefweb.int/country/mwi
https://www.undp.org/
https://www.unep.org/
https://www.climatecentre.org/search-results/
https://resourcecentre.savethechildren.net/
https://www.malawi.gov.mw/
https://www.health.gov.mw/
https://www.finance.gov.mw/index.php/departments/national-statistical-office
https://www.metmalawi.gov.mw/
https://www.ead.gov.mw/
https://www.malawi.gov.mw/opc/index.php/departments/dodma
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Annex 3: Malawi’s Health System 
Health conditions in Malawi are in general poor (72). Malaria and cholera are endemic and 
malnutrition is prevalent (ibid).  
 

1) Service delivery: In total there were 9498 reported health facilities in 2016 of which 
5090 were outreach based, 3542 village clinics and 85 hospitals, 85% of population 
lives within 8 km of a health facility (161,181). The largest non-public sector provider 
of health service is the Christian Health Association of Malawi (CHAM) providing 29% 
of all health services in Malawi (161). Children born further from health facilities were 
at higher risk of dying before the age of 5 years, however reduction of this distance by 
the construction of new health facilities did not change the risk of dying before the age 
of 5 suggesting other factors are also important (182). 
 

2) Health workforce: the total health workforce (2012-2020) consists of a.o. 0.5 medical 
doctors, 7.1 nurses and midwifery personnel, and below 0.1 dentists and pharmacists 
per 10,000 people, totalling 8.04 health workers per 10,000 population (183,184). In 
2013 there was a shortage of 4.2 million health workers in the African region, this is 
projected to increase in 2030 to a shortage of 6.1 million in a needs-based estimation 
which requires 44.5 health workers (physicians, nurses / midwives, other cadres) per 
10,000 population (185).  

 
3) Health information systems: Malawi has a Health Management Information System 

(HMIS) unit under the Central Monitoring and Evaluation Division (CMED), which a.o. 
gathers monthly information from District Health Offices (DHO) and central hospitals 
(181). Of the children under 5 years 22% had a birth certificate, 73% of mothers / 
caregivers did not know how to register their child’s birth (186). National surveillance 
is based on the Integrated Disease Surveillance and Response (IDSR) strategy, 
measles control is overall succesfull despite a large outbreak in 2010 (187). An 
overview of health indicators is provided in table 4 (next page). 

4) Medical products, vaccines and technologies: The Essential Health Care Package 
(EHP) is used to guide free service provision, by using a cost-effectiveness analysis 
(CEA) it is possible to make prioritizations of population based interventions under a 
constrained budget (161). Resources available for drugs, medical supplies and 
commodities totalled 142 million USD for the fiscal year 2015-2016 (161). With the 
revised EHP costs are 5.97 USD / DALY averted (161). Acute bacterial meningitis 
(ABM) in children under 5 decreased rapidly after introduction vaccination, the 
incidence of ABM in children from 3 months to < 5 years dropped from 154.4/100000 
in 2002 to 20/100000 in 2012 (157). Pneumococcal conjugate vaccine (PCV13) was 
introduced nationally in 2011 (66). 

5) Health system financing: Government expenditure on health in Malawi was less than 
10% of total government expenditure in 2010 (181). Health insurance is very 
uncommon, even in rich or urban areas only 4% of people aged 15-49 years are 
covered by health insurance (186). Health services are provided by public, private not 
for profit (PFNP) and private for profit (PFP) sectors, health services in the public sector 
are free-of-charge at the point of use, most health services provided by the PFP and 
PFNP sector charge user fees (161). 

 
6) Leadership and governance: Malawi does not have the institutional capacity to deal 

with current or future climate risks (55). Climate change risks overwhelming and 
collapsing the fragile health and sanitation systems of Malawi (72). In the National 
Resilience Strategy it was stated: floods and droughts are inevitable in the region but 
should not result in disasters that lead to life and livelihoods (60). In 2020 the document 
Malawi’s Vision 2063 (100th anniversary of self-governance) was published by the 
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National Planning Commission in which ambitious plans are envisioned with a.o. 
climate smart and resilient agriculture and also a focus on early childhood development 
(188). 

 
Table 4: Health indicators: The Republic of Malawi 

 

 

 

 

 

 

 
 
 
 
 
 

Source: WHO Global Health Observatory – Metadata – The Humanitarian Data Exchange (52) 
 1 Multiple Indicator Cluster Survey (MICS) 2019-2020 (178)  
 2 Census data 2018 (53) 
 
The HIV/AIDS pandemic has had a devastating effect on Malawi, life expectancy decreased 
from 48 years in 1987 to just below 40 in 2005 (115). Malawi still is in the top 10 countries with 
the highest HIV prevalence rates in the world (14.9% in 2000 and 8.1% in 2020) which has 
weakened institutional capacity because of a.o. staff attrition (morbidity, deaths etc.), disease 
related absenteeism, increased workload, low morale, loss of institutional memory and 
persisting vacancies (115,189). General HIV/AIDS indicators are presented in figure 9, annex 
1. Prevention of mother to child transmission (PMTCT) policies have been successful so far: 
in 2010 only 13,967 out of 52,000 (26.9%) pregnant women received antiretroviral (ARV) 
therapy out of those who needed it, compared to 41,391 out of 40,000 (103.5%) in 2020 (63). 
The unmet need for modern contraceptive use is 72% for unmarried girls and 21% for married 
girls age 15-19 (186).  
 
 
 
 
 
 

 
 
 
 

 

Neonatal mortality rate 2020 19.1 / 1000 live births 
Infant mortality rate 2020 29.0 / 1000 live births 
Neonatal tetanus protection1 2020 87% 
Under 5 mortality rate  2020 38.6 / 1000 live births 
Life expectancy at birth 2019 65.6 years 
Yearly deaths due to malaria (all) 2020 7165 
Estimated malaria mortality rate 2020 37.5 / 100.000 population 
Intermittent preventive therapy  
for pregnant women (IPTp) for malaria1  

2020 48%  

Stunting prevalence under 5 years 2020 37% 
Wasting prevalence under 5 years 2019 0.6% (<-2SD) 
Maternal mortality rate  2017 349 / 100.000 live births 
Births in past 12 months (census)2 2018 576.606 
Skilled birth attendance1 2020 96% 
Institutional delivery1 2020 97% 
Births by caesarean section 2010-2016 6.1 % 
Deaths in past 12 months (census)2 2018 110.776 
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Annex 4: Malawi’s Economic Situation 
Malawi is the sixth poorest country in the world and its pace in poverty reduction has been 
very slow (48). The proportion of population that was poor in 2019 was 50.8% (174). Children 
who grow up impoverished often lack the food, sanitation, shelter, health care and education 
they need to thrive and survive (190). Economic growth has fallen due to the COVID-19 
pandemic but is expected to recover during 2022-2025 with average growth of 6.4% (68). 
Government financing has benefited in the past of the dept relief for Heavily Indebted Poor 
Countries (HIPC) by the International Monetary Fund (IMF) in 2006 (191). The public sector 
dept dropped from 158.6 % in 2005 to around 37.4% of GDP in 2006 (ibid). For general 
information on the economy, see table 6. 

The majority of the population depends on rainfed agriculture (48), 85% of the households are 
involved in subsistence farming (69), 91% of the households are engaged in crop production 
relying only on rain and 8.3% could rely on both irrigation and rain (153). The agriculture sector 
dominates the economy, accounting for almost 30% of GDP, around 75% of total exports and 
64% of the labour force (48). Malawi depends on a weak and undiversified export base, mainly 
consisting of primary commodities such as tobacco, tea and sugar (48). Extreme weather has 
had severe consequence on the economy in the past, the costs of floods and droughts since 
2012 are over 1 billion USD (55) and have resulted in the third highest count (out of 16 
countries) of food insecure people of the Southern African Development Community (SADC) 
member states, with a maximum of 6.7 million in 2016 (135). National food security is closely 
linked to maize harvest and access to maize (128). Total production in 2018-2019 of tobacco 
by far (>40 times) exceeds maize production (138.4 million metric tons MMT vs  3.4 MMT) 
(192). Other important crops for Malawi are cassava, groundnuts, peas, potatoes, pulsus and 
sorghum (128). Total production of tobacco is for 95% accounted for by smallholder farmers 
(193). Although efforts are made in shifting from tobacco, this still remains difficult: “For a 
Malawian farmer to compete with an American or European farmer who are heavily 
subsidized, it is very difficult”, most middle- and high income countries spend more on 
agricultural subsidies than the total GDP of Malawi (193). Around 5.6 million children are 
laborers in Malawi, of those 2 million are working in agriculture and around 100.000 children 
are working on tobacco farms (194), in the Multiple Indicator Cluster Survey (MICS) of 2019-
2020 an estimated 14% of children aged 5-17 years were involved in child labour (186).  
 
Of all households 58% owned a mobile phone, 31% owned a radio, 11% of households had 
access to electricity, 11% owned a television set, 4% owned a computer and 1% had a fixed 
telephone line, 12% of households had access to internet (186). Amongst the poorest people, 
aged 15-49 years, only 8% of women and 19% of men owned a mobile phone in contrast to 
the richest adults with 69% of women and 75% of men (186,195)  

Table 6: Economic indicators: The Republic of Malawi 

 

 

 
 
 
 

Source: The World Bank - Data (179,180) 
  *Census data 2018 (53)  
 

GDP (current US$) 2020 12.18 billion USD 
GDP per capita (current US$) 2020 636.3 USD 
GDP per capita (PPP) 2020 1591.5 USD 
Public sector dept (in percent of GDP) 2019 59.5% 
Working age population (15-64y)* 2018 9.188.275 (52.3% of population) 
Employed persons* 2018 5.389.463  
Unemployed persons* 2018 1.224.602 
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Annex 5: Supplementary materials  
 
Chapter 1:  
Extreme weather:  
When AR4 was published by the IPCC in 2007 it was stated that current climate is already 
impacted due to climate change in the form of long-term and widespread changes in wind 
patterns and aspects of extreme weather including droughs, heavy precipitation, heat waves 
and the intensity of tropical cyclones (196,197). Although Malawi is at risk for earthquakes 
due to it’s location in the East African Rift System (198), it is unclear whether climate change 
will affect this risk and thus so far unknown whether it will impact direct risks or risks of 
disease by for example affecting food security or inducing forced migration. 
 
Sea level rise:  
Sea levels have risen already by 0.16m from 1908 until 2010 and in recent decades the rate 
of sea level rise has increased (199). It will continue to rise due to thermal expansion, 
melting of glaciers and ice sheets and land water storage changes, projections of global 
mean sea level rise vary between 0.43m and 0.84m for respectively RCP2.6 and RCP 8.5 
scenarios in 2100 compared to 1986-2005 (199). The lowest point of Malawi is 37 meters 
above sea level in the south of the country where the Shire rivel will eventually drain into the 
Zambezi river (200).  
 
Ocean acidification 
The oceans absorb nearly one-third of CO2 that is emitted in the atmosphere, due to the 
increased anthropogenic emissions this results in an acidification of the oceans (201). The 
acidification of oceans will have complex consequences, the pH of oceans could decrease to 
7.7 in 2100, coming from 8.1 in 1950 (5,201). It affects coral reefs, impairs the development 
of oysters and other shellfish and dissolves calcium containing microorganisms at the base 
of the food web (201). It is described that the acidification of oceans increases the 
accumulation of pollutants in seafood and interacts with metals that can be toxic (201,202). If 
this has the same consequences for inland lakes this could be potentially relevant for child 
health in Malawi, since proteins from seafood are a considerable part of the diet.  
 
Chapter 2: 
Temperature change 
Child mortality related to heat exposure is predicted to cause over 100.000 deaths per year 
by 2050 globally (147). In Malawi extremes in temperature like hot and very hot days are 
also more likely to occur (55). In general, children and the elderly, those with underlying 
medical conditions, and the poor are most at risk of temperature-related mortality (121,147).  
Very young children are especially vulnerable to heat-related deaths, including dehydration, 
as they cannot regulate their temperature and control their environment (36). Children 
experience a greater increase in core temperature for any given level of hypohydration, 
increasing their physiological strain and reducing tolerance for heat, hypohydration is 
therefore a major risk factor for heat-related illness (147). In general there are limited child-
adult difference in thermoregulation during mild and moderate heat exposure, with increased 
risk of heat illness only at environmental extremes (ibid).  
Limited studies have been done in low-income countries (166,203). No studies were found 
on the direct effect of heat-waves or increased temperature on child morbidity or mortality in 
Malawi, on a household level heat-waves were not associated with mortality and cold snaps 
were associated with lower mortality in Malawi (121). Delayed onset of rains for extended 
periods of drought in the Lake Malawi basin potentially results in total loss or reduction of 
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hydropower generation capacity due to cessation of flow of the Shire River which could 
impact the health system (17). 
 
Chapter 3  
Educational attainment 
Education attainment is influenced by climate change in several ways, firstly by direct impact 
of extreme weather, secondly impacts of increased temperatures, thirdly through increased 
poverty. If households are unable to pay school fees, and participate in income generating 
activities during school age (child labour), educational outcomes will be negatively affected 
(155). This can have significant consequences later in life, positive, for example mother’s 
education appears to have a positive impact on reducing malnutrition (123), but also 
negative, through decreased human capital investment when schools are destroyed, 
decreasing the expected income in the future (204). 
The direct impact of extreme weather on education attainment has been significant. During 
the floods of 2015 508 classrooms were damaged or destroyed and 222 schools acted as 
camps for internally displace people (124). 
 In 2019 after the tropical cyclone Idai most affected people were accomodated in temporary 
internally displaced people (IDP) camps, mostly located in classrooms and school facilities 
with limited access to safe water and sanitation facilities, girls were often required to travel 
long distances to collect water and firewood limiting the ability to attend classes (69). This 
resulted in significant disruptions to learning and teaching activities at the school (69). Also 
significant damages occurred to 154 schools, around 5000 desks and over 60.000 school 
books (ibid). During the tropical storm Ana in 2022 almost 500 schools were damaged (133). 
The impact of higher temperature works in more indirect ways. In a large study of 10 million 
students in the United States heat clearly impact their learning ability, for every 1°F a hotter 
school year, that year’s learning reduced by 1% (205), here comes the energy catch: 
aircondition was able to reduce this effect. In general higher ambient air temperature during 
schooling also lead to negative effects on the wellbeing of children, leading to absenteeism 
(12,206). Increasing ambient air temperatures could possibly decrease the learning ability of 
children. When schools are used as IDP camps for a prolonged time educational attainment 
will be impacted. 
The drying of Lake Chilwa was associated with an increased number of early marriages in 
daugthers (72). Resulting amongst other issues in more drop outs from school (138). 
 
Forced migration 
Malawi has experienced numerous severe flooding events linked to the El Niño / La Niña 
phenomena which have caused displacements, injury and death (72). Through changes in 
the supply of natural resourses and disagreement over their allocation climate change and 
variability may increase the incidence of violent conflicts (121). So far this has not been a 
reported in Malawi. Basic drinking water services (indicator 1.4.1) was 74.2% (range 70-89% 
for wealth quintiles) (169). 
 
In- and ex-utero exposure 
The effects of in-utero exposure to air pollution and maternal nutritional status have been 
discussed in the corresponding subheadings. In Malawi in-utero exposure to drought was 
associated with delayed school entry among male children (155). Due to climate change the 
vulnerability to toxicants and pollution increases, mainly through increased ambient 
temperature, rainfall variabilty and exposure during/after floods (69,147,166), sources of 
toxicants and pollution coming for example from latrines, e-waste and industrial waste 
(17,69,207). In a study on inpatient child deaths within 12 months in a large government 
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hospital in Malawi 4 children died of poisoning by organophosphate, a fertiliser used in 
farming (66). It is possible cases like this will increase if not appropriate measures will be 
taken. Mercury-poisoning causes loss of cognitive function due to prenatal exposure in 
children by maternal consumption of mercury-contamined fish (201). But in Malawi the 
amount of mercury found in fish in lake Malawi was found to be low 2-200 ng/g wet weight of 
fish (208). Exposure to higher-than-average temperatures during the prenatal and early-life 
period is associated with fewer years of schooling in Southeast Asia (155).  
 
Chapter 4 
Direct mortality and morbidity from extreme weather events 
Climate change will increase both the frequency and intensity of natural disasters such as 
extreme rainfall, floods, droughts, cyclones and extreme temperature events, these events 
directly affect household mortality when members drown in floods, die of heat stroke or 
become buried under debris. 
Droughts have significantly increased mortality in Malawi in 2008-2009 (121). During the 
floods of 2015, 2019 and 2022 106, 90 and 50 people were killed respectively, no specific 
age disaggregation data was available (69,124,209). The tropical cyclone Idai injured 672 
people, also no disaggregation of age was available (69).  
The increase in number of “hot” days is predicted to lead to more heat-related deaths 
affecting predominantly the elderly but children and those with chronic illnesses are also 
projected to be at risk (72). Extreme heat / temperatures could be associated with an 
increase in miscarriages and stillbirths and can impact fetal development leading to adverse 
birth outcomes like low birth weight and preterm birth (12,155). No studies were found which 
were conducted in Malawi on this topic.    
Damaged (health) infrastructure will impact mortality and morbidity through decreased 
access to care.  
 
Infectious diseases 
African countries reported 94% of the 229 million malaria cases recorded globally in 2019 
(80). Cholera outbreaks in South Asia are linked with increasing water temperature and algal 
blooms (139). Average temperature change is associated with a change of geographical 
distribution of dengue, estimations put half of the world’s population at risk by the end of this 
century (12). 
 
 
Mental health 
Although the important reported impacts of climate change on mental health little has been 
published from Sub-Sahara Africa, in a recent systematic review (2021) only 2 studies were 
found from Sub-Sahara Africa in Namibia and Nigeria focussing on floodings where typical 
Post-Traumatic Stress Disorder (PTSD) symptoms were reported by children aged 8-18 
years  (210). No studies were found reporting on stress of Malawian children in relation to 
climate change. Stress may increase amongst farmers as a result of drier periods (72).  
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Some general comments on the rest of the SDG’s:  
Goal 7: Droughts could cause low flow rates in Shire River which reduced electricity generation 
(17) (target 7.1, 7.2).  
Goal 11: Due to the repeated significant infrastructure damages target 11.1 (adequate, safe, 
affordable housing) and target 11.2 (providing safe and accessible roads and transportation) 
will continue to be a challence, vulnerability to children is mostly the loss of shelter, WASH 
facilities and access to healthcare. Target 11.5 aims at significantly reducing the number of 
people affected and killed due to disasters. The extreme weather events leading to the multiple 
disasters in the past decade have affected millions op people and in the case of cyclone Idai 
more then 450.000 children. Forced migration alse contributes to poverty (loss of physical 
capital), food insecurity (high dependency on subsistence farming), increased risk of disease 
due to loss of shelter and insufficient WASH facilities impacting the other SDG’s. 
With the National Resilience Strategy 2018-2030 and as signatory to the Sendai Framework 
for Disaster Risk Reducation Plan of Action important vulnerabilities in nutrition, Early Warning 
And Response Systems are being addressed. The National Resilience Strategy lacks 
integration with usefull health policies on for example malaria or specific WASH interventions 
like shock chlorination after flooding, it surprisingly also doesn’t mention improving the build 
environment like housing of houses (62,170).  
Goal 15: Using a Planetary Health / One Health approach could benefit food security by taking 
into account and preparing for disastrous plant and cattle diseases (target 15.8). 
Goal 17: It is estimated that Malawi is facing potential annual average costs of 165 milion USD 
until 2050 without adaptation measures applied to planning, construction and maintenance 
road infrastructure, this could be used for advocacy in communication with other countries or 
the world bank in regards to target 17.3,17.4 (mobilising resourcs and assist developing 
countries in attaining long term-dept sustainability).  
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Annex 6: Consequences of extreme weather events  
 
A short summary of relevant effects of some major extreme weather events: 

1. In 2015 Malawi witnessed the worst floods in the last 50 years, a 1 in 500 year event, 
affecting over 1 million people (124).  

Consequences on food security: around 90.000 hectares of cropland were destroyed and 
195.000 livestock were lost, this led to an estimated 30% reduction in crop production (124). 
Admissions of children to Supplementary Feeding Programs (SFP), to treat Moderate Acute 
Malnutrition (MAM), increased by 58.3%, in the most affected districts admission rates 
increased by as much as 156-556% (ibid). 
Damages to (WASH) infrastructure: 1220 km of roads and 185 bridges were damaged and 
downtime on average for the whole power system was 14 days (124). Irrigation infrastructure 
were damaged, water and electricity was in shortage, and over 500.000 houses were partially 
destroyed of which 356.643 completely destroyed (ibid). This led to an estimated 50 million 
USD in damages to road infrastructure and 136.4 million USD to the housing sector (124), 
total costs were 335 million (48,68,69,72,120). Almost 3000 boreholes and 6 water treatment 
plants were damaged / destroyed (124). 
Displacement of people: around 230.000 people internally displaced 
Decreased access to care: 23 health facilities were destroyed (124) Primary health care was 
limited in most to Internally Displaced People (IDP) camps (ibid).  
 

2. The severe drought related to the El Nino event of 2016: 
Consequences on food security: the drought resulted in a decline of 11.8% in national 
average annual level of consumption of the poorest 40% of the polulation compared to below 
2% in neighbouring and SADC countries (48).  
 

3. One of the worst tropical cyclones in the history of Malawi “Idai” in 2019 affecting 
almost 1 million people (69):  

Consequences on food security: Due to the cumulative effect of the floods in 2015 and 
the drougth in 2016, still 3.3 million people were food insecure when the cyclone made 
landfall causing heavy rain and flooding (69). Around 91.638 hectares of crop land were 
destroyed and almost 50.000 livestock were lost (ibid). Total damages and losses amounted 
to 220.2 million USD (ibid).  
Damages to (WASH) infrastructure: Roads, bridges, power supply, water supply 
equipment were amongst all things that were damaged, 288.371 houses were partially or 
completely destroyed (69). Over 250.000 latrines were collapsed, around 400 boreholes 
were damaged and over 300 were contaminated, the people who remained in the IDP-
camps had limited access to safe water and sanitation facilities (69). 
Displacement of people: the storm drove around 90.000 people to 174 temporary IDP 
camps, mostly located in classrooms and school facilities with limited access to safe water 
and sanitation facilities (69). 
Decreased access to care: The damages significantly affected the country’s already limited 
maternity and paediatric facilities (72,134). 13 health facilities were damaged in Blantyre and 
Chikwawa by the floods with cases of refrigerators being washed away, medicine supplies 
lost, roofs blown off and water towers and toilets collaps (69). Also exposure to sexually 
transmitted infections (STI) increased due to the decreased access to condoms and possible 
unplanned pregnancies in the IDP camps were reported (ibid).  
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4. In the beginning of 2022 the floods related to tropical storm Ana in January and Gombe 

in March have caused flooding and significant damage affecting around 1.4 million 
people (80,133,209,211) 

Consequences on food security: Around 100,000 hectares of cropland were destroyed, 
many households were displacement and livelihoods disrupted (133,209). 
Damages to (WASH) infrastructure: Bridges, roads and 47 health facilities were damaged 
but also an important hydroelectric power station leading to interruptions of the power supply, 
it led to loss of drugs, damaged equipment / fridges / vaccines and others supplies (158). The 
damaged hydropower plant will also be very costly in its repair (133). Over 1,000 boreholes 
were damaged (133). 
Displacement of people: over 240,000 people were internally displaced (133,209,211). 
Decreased access to care: Access to potable water was impacted for 300,000 people after 
storm Ana (133). Over 20,000 pregnant women were in need of delivery kits and more than 
90,000 under 5 children with SAM required urgent services in nutrition rehabilitation units 
which was not available (133,158). 
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Annex 7: Calculating the Average Annual Rate of Reduction (AARR) 
 
The calculations were made based on the methodology of the technical note “How to 
calculate AARR of Underweight Prevalence” by UNICEF 2007 (64).  
β = -0.0197 giving a AARR of 1.95% ; C0 = 43.4   
 

 
Source: Prevalence data of stunting <5y (63) 
 
Reflection on SDG’s 
In the discussion paper by WHO/UNICEF published in 2019 (65) an AARR of 4% is considered 
feasible when setting the nutrition targets for the SDG’s for 2030. It is stated that the top 
quintile of countries with prevalence rates > 20% at baseline have reached an AARR of ≥ 3.8 
in the past years (with no relation between population and reduction) and that therefore, since 
global under five population is projected to grow with only 2.5%, it is considered feasible to 
have a 50% reduction in 2030 globally (65). Considering the under five population growth in 
Malawi to be 27.5% instead of 2.5% until 2030, the current AARR of 1.97% (global AARR of 
2.3%) instead of 4%, the projected “difficulties due to climate change” and the current 
projected prevalence (based on current AARR) of 30.3% in 2030 instead of the target 50% 
reduction 21.9%, at this pace it will for sure not be feasible for Malawi to reach this target. 
Even with a herculian effort doubling the AARR to 4% from 2022 and onwards, still the 
prevalence will be 25.7% in 2030 instead of the target 21.9%.  
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Annex 8: Nutritional value Nsima / Corn meal / Corn starch  
 
Due to the high prevalence of anemia and undernutrition in children, exploratory calculation 
were made to determine the nutritional value of the staple food for Malawi: 

• Corn meal (whole grain kernel) ; ufa wa m’gaiwa 
• Corn starch (no protein, starchy maize flour) ; ufa woyera 

For the calculation corn based products were used although Nsima can also be made using 
cassave,  sorghum (better in dry areas) or millet flour.  
 
Conclusion for both the 5y old boy and girl:  

1) Nutritional value Maize / Corn starch = Low fat, high carbohydrates, low protein, low 
fibre, no vitamin A, D, E, B1, B2, B6, B9, B12 or vit C, low calcium, Fe, P, Zn, Se, Ph, 
iodine  

2) Nutritional value Maize / Corn meal = A bit higher fat, but insufficient, high 
carbohydrates, sufficient fibre, 2/3 of protein requirement, insufficient vit A, D, B2, 
B12, C, Calcium, Se, iodine, sufficient vit E, B1, Mg, Cu, Ph, half of daily 
requirements: B6, B9, Fe, Zn  

 
Calculation were made for a 5 year old boy and a 5 year old girl.  

• Body weights will be estimated using the WHO child growth standards:  
https://www.who.int/tools/child-growth-standards/standards/weight-for-age  

• Calculations for nutritional value Nsima / Corn meal/starch were done using:  
https://www.kostholdsplanleggeren.no/comparefoods/?profileId=124&slot0Id=05.013
&slot0Amount=364&slot0Unit=g&slot1Id=05.015&slot1Amount=355.0&slot1Unit=g  

• Protein requirement was determined to be 0.9g/kg/d = 16.2 based on reference 
literature for 5 year old children (212) 

 
Calculations for 5 year old boy 

• Taking the 0 z-score on a weight for age chart from WHO, we will use 18 kg as 
calculating weight  

 
Nutritional requirements:  

• Henry’s basal metabolic rate equation: (23.3 x (weight=18)) + 514 = 933kcal 
• Physical Activity Level (PAL) 5y old boy 1.54 (213) 
• 933*1.54 = 1436.8 
• 90% = 1293.1 kcal 

 
Amount of corn starch needed for adequate calorie intake: 355 kcal / 100gr = 364.3 gr / day 
for 90% of requirements   
Amount of corn starch needed for adequate calorie intake: 364 kcal / 100gr = 355.2 gr / day 
for 90% of requirements 
 
 
 

 

https://www.who.int/tools/child-growth-standards/standards/weight-for-age
https://www.kostholdsplanleggeren.no/comparefoods/?profileId=124&slot0Id=05.013&slot0Amount=364&slot0Unit=g&slot1Id=05.015&slot1Amount=355.0&slot1Unit=g
https://www.kostholdsplanleggeren.no/comparefoods/?profileId=124&slot0Id=05.013&slot0Amount=364&slot0Unit=g&slot1Id=05.015&slot1Amount=355.0&slot1Unit=g
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Calculation for a 5 year old girl:  
 
For 5 year old girl: taking the 0 z-score on a weight for 
age chart from WHO, we will use 18 kg as calculating 
weight.  

• Henry’s basal metabolic rate equation: (23.3 x 
(weight=18)) + 514 = 933kcal 

• PAL 5y old girl 1.50 (213) 
• 933*1.50 
• 90% = 1259.6 kcal 

 
Cornstarch 354.8 gr / day 90% of daily requirement  
Cornmeal 345.9 gr / day for 90% of daily requirement 
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Annex 9: On the author  
 
There are several reasons that motivated me at this moment to look at the problem of 
climate change impacting child health in a holistic way. During my medical school I was 
involved in research about perinatal health outcomes and social deprevation which opened 
my eyes to the broad context that plays a role in health outcomes. During my professional 
work this kept playing an important role, in my further training and studies and eventually 
now leading up to my study for Master in International Health. It has shown me the benefit of 
looking at health problems using this view and at this moment the planetary health view / 
approach is the one that seems very good at doing this and able to communicate this 
effectively. The priorities of public health research have to shift into also taking into account 
the effects on and off the broader environment.  
Therefore when I look at the selected analytical framework there are some important lenses I 
miss, mostly the ones that address the (lack of) capital on a household level and on the 
broader socio-economic determinants of health which play a major effect in safe motherhood 
and early childhood development.  
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