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Abstract
Purpose of Review This review aims to identify the evidence for the assessment of the effectiveness and feasibility of multi-
sectoral climate adaptation for food security and malnutrition. This review and the assessments of the evidence inform the 
contents and confidence statements in section “multi-sectoral adaptation for malnutrition” and in the Executive Summary 
of the IPCC AR6 WGII Chapter 7: Health Wellbeing and Changing Community Structure.
Recent Findings A review of adaptation for food security and nutrition FSN in West Africa concluded that food security and 
nutrition and climate adaptation are not independent goals, but often go under different sectors.
Summary Most of the adaptation categories identified here are highly effective in reducing climate risks to food security and 
malnutrition, and the implementation is moderately or highly feasible. Categories include improved access to (1) sustainable, 
affordable, and healthy diets from climate-resilient, nutrition-sensitive agroecological food systems; (ii) health care (includ-
ing child, maternal, and reproductive), nutrition services, water and sanitation; (iii) anticipatory actions, adoption of the IPC 
classification, EW-EA systems; and (iv) nutrition-sensitive adaptive social protection. Risk reduction, such as weather-related 
insurance, and risk management are moderately effective and feasible due to economic and institutional barriers. Women 
and girls’ empowerment, enhanced education, rights-based approaches, and peace building are highly relevant enablers for 
implementation of the adaptation options.

Keywords Climate change · Multi-sectoral · Adaptation · Acute food insecurity · Nutrition · Malnutrition feasibility · 
Effectiveness · Assessment · Resilience · IPCC

Introduction

Climate change and variability have, and will further have, 
significant impacts on food systems, food security, and nutri-
tion, threatening the efforts to end malnutrition in all its 

forms, and achieve Sustainable Development Goals (SDG) 
1, 2, and 3 [1–6]. Unsustainable food systems and increas-
ing global demand of high calorie unhealthy foods and ani-
mal products are the main contributors to climate change 
(21–37% of total Green House Gas (GHG) emissions), 
environmental degradation, and contribute to non-commu-
nicable diseases (NCDs) [1, 6–9]. Imbalanced diets, low in 
fruits and vegetables, and high in salt, sugar, and red and 
processed meat, are the number one risk factor for mortal-
ity globally [10]. About a third of the National Food Based 
Dietary Guidelines (FBDG) worldwide are incompatible 
with the agenda on non-communicable diseases, and most 
of national FBDG are incompatible with the Paris Climate 
Agreement and other environmental targets [11].

Globally, more than 820 million people remain under-
nourished, 149 million children are stunted, 49.5 million 
children are wasted, and more than 2 billion people are 
micronutrient deficient [12]. More than 3.1 million child 
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and maternal deaths annually are attributed to undernutrition 
(nearly half of all deaths in children under 5 are attribute 
to undernutrition) [13]. In addition to be the single main 
cause of mortality and disease, undernutrition in the first 
1000 days of a child’s life can lead to stunted growth, result-
ing in impaired cognitive ability and reduced school and 
work performance in the future. The associated costs of 
stunting in terms of lost economic growth can be of the order 
of 10% of GDP per year in Africa [14]. At the same time, the 
prevalence of diseases associated with high-calorie, imbal-
anced diets is increasing globally, with 40.1 million under 5 
children overweight [12] and 2.1 billion adults overweight or 
obese [7]. Climate change and variability, and their impacts 
in the form of more frequent and intense extreme climate 
events, are further threatening the efforts to end malnutrition 
in all its forms [2, 4].

The UN System Standing Committee on Nutrition 
has, for more than 10 years, been providing evidence of 
the urgency and benefits of investing in the integration of 
nutrition-sensitive solutions in the National Adaptation 
Plans (NAPs), in Disaster Risk Reduction (DRR), and in 
the National Determined Contributions (NDCs), in order 
to protect the lives of the most vulnerable [15, 16]. Despite 
this, adaptation solutions for malnutrition have been basi-
cally absent in both—the health and food security sections—
of the National Adaptation Programmes of Action (NAPAs), 
and the NAPs of Least Developed Countries (LDCs), and 
Low-Income Countries (LIC) affected by hunger and severe 
nutritional problems.

The Intergovernmental Panel on Climate Change (IPCC) 
5th Assessment Report and the IPCC Special Report on 
Climate Change, Desertification and Land, assessed the 
impacts of climate change on food security and nutritional 
outcomes [2, 17]. However, these reports did not assess the 
existing evidence of multisectoral adaptation options to pre-
vent climate impacts in malnutrition in all its forms, or to 
anticipate climate-related food emergencies which result in 
millions of people in several LDCs and LICs experiencing 
acute food insecurity and malnutrition, at the same time. 
This was reported during the last ENSO events 2014–2016 
in Central America, and in Eastern and Southern Africa 
2015–2017 [18, 21].

This paper will present the review of the evidence that 
inform the content and confidence statements of the section 
“multi-sectoral adaptation for malnutrition” and of the Exec-
utive Summary of the IPCC AR6 WGII Chapter 7: Health 
Wellbeing and the changing structure of communities. We 
review and identify effective multi-sectoral climate adapta-
tion strategies and options for FSN and malnutrition in all 
its forms, and key cross-cutting adaptation enablers [22]. To 
increase the policy relevance of the results, we then present 
a feasibility and effectiveness assessment of these multi-
sectoral climate adaptations across systems including food, 

health, water and sanitation, and social protection. Finally, 
we assess the relevance of cross-cutting enablers of climate 
adaptation for FSN and malnutrition, and the timeframe for 
implementation of coordinated adaptation actions to build 
climate and human resilience.

Methodology

Identification of Climate Risks

The identification of the severe climate risks for food secu-
rity and nutrition for which the feasibility and effectiveness 
of the corresponding adaption options were assessed was 
informed by (1) national data on the observed impacts of 
climate extreme events on acute food insecurity and acute 
malnutrition compiled in the annual Global Reports on Food 
Crises [18–21, 23] and by (2) the evidence on the literature 
of the climate change risks on malnutrition in all its forms 
presented in Table 2 (see below).

Review of Evidence of Multi‑Sectoral Adaptation 
for Food Security and Malnutrition in All its Forms 
and Key Cross‑Cutting Adaptation Enablers

The review undertaken to identify the papers for this assess-
ment is considered a rapid review [24, 25]. This is a method 
increasingly used by policy makers in order to inform deci-
sion-making [26]. Rapid reviews follow the principles of 
systematic reviews; however, these are undertaken in short 
periods [27]. For this research, the rapid review followed 
three steps: (i) agreed use of definitions and identification 
searching terms for climate change adaptation for food secu-
rity and nutrition and key enablers; (ii) literature search in 
Scopus and Web of Science and Google Scholar published 
between 2014 and 2020 in English, plus relevant gray lit-
erature, such as United Nations and World Bank Reports; 
and (iii) the screening and content appraisal, cross-checking 
of references to include adaptation measures for food and 
nutrition and key enablers was done as an expert assessment.

The Food Security and Malnutrition terms and defi-
nitions used in this paper are internationally agreed, and 
several of them are key indicators from the SDG2 (Ending 
Hunger). Food Security is a state that prevails when peo-
ple at all times have physical, social, and economic access 
to sufficient, safe and nutritious, and culturally appropriate 
food for normal growth and development, and an active and 
healthy life [9]. Malnutrition is a broad term that refers to 
all forms of poor nutrition, and it includes undernutrition 
as well as overweight and obesity. Malnutrition is caused 
by a complex array of factors, including dietary inadequacy 
(deficiencies, excesses, or imbalances in energy, protein, and 
micronutrients), infections, and sociocultural factors [28]. 
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Undernutrition exists when a combination of insufficient 
food intake, health, and care conditions results in one or 
more of the following: underweight for age, short for age 
(stunted), thin for height (wasted), or functionally deficient 
in vitamins and/or minerals (micronutrient malnutrition) [9]. 
Under-nourishment (or hunger) is defined as the condition 
in which an individual’s habitual food consumption is insuf-
ficient to provide the amount of dietary energy required to 
maintain a normal, active, and healthy life [28]. Prevalence 
of undernourishment [29] is a complex, aggregated measure 
of undernourishment at national level.

Acute Food Insecurity is any manifestation of food inse-
curity at a specific point in time of a severity that threatens 
human lives, livelihoods, or both, regardless of the causes, 
context, or duration [30]. This indicator is measured by 
the IPC (Integrated Food Security Phase Classification) 
Consortium,which serves as a global reference for the classi-
fication of acute food insecurity and acute malnutrition [31].

Selection of the Literature on Climate Change 
Adaptation for Food Security and Nutrition 
and Cross‑Cutting Adaptation Enablers

Based on literature reviewed, and the existing reports of 
the UN System Standing Committee on Nutrition (UN 
SCN) and the World Bank, effective multi-sectoral adap-
tation options for food security and nutrition across sys-
tems include nutrition-sensitive food production; access to 
healthy-diverse-affordable diets from sustainable food sys-
tems; nutrition-sensitive social protection; access to health 
(including child, maternal, and reproductive health); access 
to nutrition services; water and sanitation; adoption of early 
warning systems; and nutrition-sensitive risk reduction, risk 
transfer, risk sharing, and risk management [15, 32–36]. 
Common enablers across adaptation actions include educa-
tion, women’s and girls’ empowerment, rights-based gov-
ernance, and peace-building initiatives [15, 21, 33, 37–40].

Articles were selected via cross-referencing and expert 
consultation. Articles were considered relevant if they 
explicitly identified multisectoral climate adaptation options 
related to food security and nutrition (FSN) and/or cross-
sectoral enablers focused on education, women’s and girls’ 
empowerment, peace building, or rights-based approaches. 
Identified papers were screened with the following inclusion 
criteria: (a) case studies, empirical research, scenario-mod-
eling studies; (b) multi-sectoral climate change adaptation 
for FSN; and (c) cross-sectoral enablers: education, women’s 
empowerment, rights-based approaches, and peace building. 
We identified 80 papers that featured case studies, empirical 
research, or scenarios of frequently used climate adaptation 
for FSN, including cross-cutting adaptation enablers. Of 
particular interest for this assessment was to include case 
studies showcasing the effectiveness of combined and/or 

integrated multisectoral approaches (e.g., integrating Cli-
mate or WASH in nutrition programing). The UN World 
Food Program (WFP) facilitated case studies of coordinated 
multisectoral climate adaptation for food security and mal-
nutrition in East Africa, Middle East, and Central America.

Assessing Effectiveness and Feasibility 
of Adaptation Options

The feasibility assessment was introduced in the IPCC Spe-
cial Report on 1.5 °C (SR1.5) responding to a request made 
by member states, regarding which adaptation options are 
more feasible compared to others. The methodology used 
to carry out this feasibility assessment is adapted from the 
IPCC Special Report on 1.5 °C [41], de Conick et al. [42], 
and Singh et al. [43].

Effectiveness of an adaptation option can be interpreted dif-
ferently depending on the purpose of the adaptation. In this 
assessment, we used the risk mitigation potential definition, 
which refers to the degree the adaptation option can reduce 
the likelihood and/or consequences of a particular risk [42, 
43], in this case, climate change risks to food security and 
nutrition (Appendix SR1.5). Effectiveness is determined by 
comparing it against a baseline damage to determine the 
damage reduction potential.

Three levels of effectiveness determined in the context of 
this assessment are:

• High (> 75% of a baseline damage level)
• Medium (25–75% of a baseline damage level)
• Low (< 25% of a baseline damage level)

Feasibility was defined as how significant the barriers 
reported in the literature are to implementing a particular 
adaptation option.

• Highly feasible options are those where no or very few 
barriers are reported (and had an average score > 2.5 on 
the scoring criteria).

• Moderately feasible are those where barriers exist but do 
not have a strong negative effect on the adaptation option 
or evidence is mixed (it scores between 2.5 and 1.5).

• Low feasibility options have multiple barriers reported 
that could block the adaptation option (and score below 
1.5 on the criteria used).

Six dimensions of feasibility (economic, technical, 
social, institutional, environmental, and geophysical) 
have been considered per each adaptation category, using 
nineteen indicators according to the feasibility assessment 
presented in the appendix of the IPCC SR1.5 Chapter 4, 
(see Table 1) [41]. An extraction table with these dimen-
sions and indicators has been used to extract and compile 
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the relevant information from the 80 papers selected, for 
the assessment of feasibility and effectiveness of the adap-
tation options (including evidence and agreement) and the 
cross-sectoral enablers (see Table 4).

The feasibility and effectiveness assessment covers six cat-
egories of multi-sectoral adaptation options for food security 
and nutrition, and in particular to malnutrition in all its forms 
(due to decline in food availability and nutritional quality and 

increased cost of healthy food, see Table 3). Cross-cutting 
enablers across adaptation actions include education, wom-
en’s and girls’ empowerment, rights-based governance, and 
peace-building initiatives. Timeframe for implementation has 
also been assessed when evidence was available (e.g., urgent, 
short term, and medium term/longer term).

The references used for the feasibility and effectiveness’ 
assessment are in Table 3. The selected papers were assessed 

Table 1  Dimensions and indicators and guiding questions used in this assessment. Table adapted from the IPCC Special Report on 1.5 °C [41], 
de Conick et al. [42], and Singh et al. [43]

Dimensions Indicators Guiding questions about adaptation indicators

Economic Micro-economic viability Is the adaptation option economically feasible and cost/effec-
tive?

Macro-economic viability Would the option lead to higher economic productivity?
Potential to reduce socio-economic vulnerability and ineq-

uity?
What is the potential for the adaptation option to reduce social 

inequity and inequalities?
Employment and productivity enhancement potential Does the option have the potential to create employment oppor-

tunities or to increase system’s productivity?
Institutional Political acceptability Is the adaptation option politically acceptable?

Legal, regulatory feasibility Is there a legal and regulatory framework for implementation? 
are there legal barriers?

Institutional capacity and administrative feasibility Would current institutions be able to implement the option? Is 
the option administratively supported (allocation of responsi-
bilities and human resources)?

Transparency and accountability potential Does the option have the potential to lead to transparency 
challenges? Are there policies, targets and indicators, and 
transparent monitoring and evaluation protocols to track 
implementation progress and gaps?

Technological Technical resource availability Are the technology and associated human, financial, and admin-
istrative resources needed for an adaptation option available?

Risk reduction potential Can the option reduce the likelihood and/or consequences of 
climate risks to FSN and malnutrition in all its forms?

Social Socio-cultural acceptability Is there public resistance to the option? Does the option find 
acceptance within existing socio-cultural norms, sense of 
place and identity, including local indigenous and traditional 
knowledge?

Social and regional inclusiveness Are different social groups and remote regions included in 
the option? Are women, children, and indigenous people 
considered?

Intergenerational equity Does the option compromise the ability of future generations to 
meet their own needs in any way?

Social co-benefits Does the option have positive synergies with other policy 
goals? For example, are there health, well-being, equity, or 
other co-benefits from the adaptation option?

Environmental Adaptive capacity/resilience building potential Does the option contribute to resilience building (ability to 
cope with stressors and reorganize to maintain structures and 
functions, or retain capacity to transform)? Does the option 
enhance the ability of systems, institutions, and humans to 
adapt/respond to potential impacts?

Ecological capacity Does the option enhance supporting, regulating, or provisioning 
ecosystem services?

Geophysical Physical feasibility Is the physical potential for the adaption option a constraint?
Land use change enhancement potential Does the option enhance carbon stocks (e.g., through agrofor-

estry, or mangrove reforestation)?
Hazard risk reduction potential Does the adaptation option reduce number or people/systems 

exposed to a hazard?
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by experts who allocated the final score for each indicator 
and the dimensions. Once all the indicators for each dimen-
sion were identified, the weighting procedure from SR15 
was used to aggregate the indicators into the dimensions’ 
averages [43].

Evidence is defined here as the degree of evidence that 
reflects the amount, quality, and consistency of scientific/
technical information. Agreement refers here to the degree 
of agreement within the scientific body of knowledge, on 
a particular finding. It is assessed based on multiple lines 
of evidence (e.g., mechanistic, theory, data, models, expert 
judgment) and expressed qualitatively.

Strengths and Limitations of the Methodology 
for Assessing Feasibility of Adaptation Options

Some of the main strengths of this methodology for 
assessing feasibility of adaptation options are that it is 
comprehensive, traceable, and transparent and it can 
greatly increase the policy relevance of the results. Fea-
sibility and effectiveness were assessed using a very 
detailed indicator subset. Limitations are related to 
inability to carry out a full systematic review, due to 
the substantial time and resource required to do such 
assessments. Some indicators may not be relevant for the 
selected adaptation options, and it is possible that not all 
issues are captured by the set of indicators used. There 
are opportunities to have a regional/economic breakdown, 
and to include trade-offs.

Results

Climate Change Impacts and Risks to Food Security 
and Nutrition

Climate change affects all the dimensions of food security: 
food production and availability, stability of food supplies, 
access to food, and food utilization [2]. Declining food 
availability caused by climate change is likely to increase 
food costs, impacting consumers globally by reducing pur-
chasing power, with low-income consumers particularly at 
risk from hunger [4, 44, 45]. Higher prices depress con-
sumer demand, reducing energy intake (calories) globally, 
leading to less healthy diets, potentially with lower availa-
bility of key micronutrients in foods [3, 5, 45] and increas-
ing diet-related mortality in low and middle-income coun-
tries [1, 6, 9]. Climate change and variability impact the 
main underlying causes of maternal and child malnutrition 
and disease, including household food security; dietary 
diversity; nutrient quality; water quality; and access to 
maternal, reproductive, and child health, leading to disease 

and child stunting [33]. Climate extreme events impact 
the socio-economic factors that determine food security 
and nutrition, such as livelihoods, assets, income, food 
aid, resources, infrastructure (e.g., hospitals, sanitation) 
resources, and political structures [16].

Extreme climate events have been the main drivers 
of the observed acute food insecurity and malnutrition 
(measured as IPC|CH Acute Food Insecurity Phase 3 Cri-
sis or above.) of an estimated 166 million people in 31 
countries who required humanitarian assistance due to 
climate-related food emergencies between 2015 and 2019 
(45.1 million people in the Horn of Africa, 62 million in 
Eastern and Southern Africa, and 13.2 million in the Dry 
Corridor of Central America) [18–21, 23]. Between 2015 
and 2017, El Nino–driven droughts and floods were the 
main cause of food emergencies in 26 countries, driving 
103 millions of people in IPC|CH Acute Food Insecu-
rity Phase 3 Crisis or above, and requiring humanitarian 
assistance to survive (40.5 million people in the Horn 
of Africa, 28.9 million in Eastern and Southern Africa, 
and 7.2 million in the Dry Corridor of Central America) 
[18–21, 23].

Projected climate risks on malnutrition in all its forms 
are linked to the decline in food availability and nutritional 
quality, and increased cost of healthy food resulting in three 
main risks: (i) reduced energy intake (measured as calories), 
(ii) decreased availability of fruits and vegetables, and (iii) 
lower micronutrients availability in main staple foods, fruits, 
and vegetables due to excessive  CO2 in the atmosphere [3, 
5] (see Table 2).

Multisectoral and Multi‑System Adaptation for Food 
Security and Nutrition

The protection of nutrition under climate change requires 
multi-sectoral adaptation actions across sectors and sys-
tems: the food system, social protection systems, health 
system (Swinburn et al. 2019), water and sanitation sys-
tems, early warning systems, and risk reduction and risk 
management. Within the efforts of climate-resilient devel-
opment, a combination of healthy and affordable diets 
from sustainable food systems improved access to health, 
nutrition, water and social protection, community-based 
risk reduction, and institutional cross-sectoral collabora-
tion which have been identified as a means to address the 
impacts of climate change to food security and nutrition 
[2, 9, 33, 34]. Six adaptation categories and four cross-
cutting adaptation enabling factors have been considered 
in the feasibility and effectiveness’ assessment of mul-
tisectoral climate adaptation for nutrition (Tables 3 and 
4). Each option is explained in detail in the following 
sections.
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Climate‑Resilient, Nutrition‑Sensitive, and Agroecological 
Food Systems

Nutrition-sensitive and climate-resilient sustainable food 
production systems, including agroecological approaches 
and indigenous food systems (such as nomadic pastoralists 
and artisanal fisher folks), are part of food system adapta-
tion solutions. To be sustainable, these adaptation strategies 
must be suitable for the local needs, agroecosystem, micro-
climate, and socio-cultural contexts. Adaptation strategies 
need to address social inequities such as gender, race, or 
class to be nutrition-sensitive and climate-resilient [37, 112, 
113]. As part of the climate adaptation process, countries 
need to enhance agricultural food production’s nutritional 
quality and dietary diversity for local consumption. In this 
context, biodiversity of food systems is considered a lynch-
pin of sustainable food systems, as it increases resilience 
[114–116]. Agroecological practices by small and mid-sized 
family farms offer opportunities to increase dietary diver-
sity at the household level while building climate-related 
local resilience to food insecurity [53, 117, 118]. Integrated 
agroecological systems bring the synergies of mixed crop-
livestock-fisheries and agroforestry systems to reduce waste 
and expenses on agricultural inputs and increase food pro-
duction diversity [53, 119]. Those synergies, alongside 
increased biodiversity, enhancing beneficial ecological 
interactions, recycling of biomass, and a lesser dependence 
on external inputs (e.g., oil-based or commercial inputs), 
render these agroecological systems more resilient to climate 
shocks, especially when gender equity and social justice are 
integrated into the equation [49, 53, 55, 120–122]. Agro-
ecological systems also draw on indigenous, local knowl-
edge, farmer-to-farmer learning, and experimentation and 

encourage collective, democratic, and inclusive governance 
of food systems [53, 123]. Agroecological practices, either 
customary or new innovations, are sustained by a different 
valuation of food as a common, public good and human 
rights [124]. Participatory, peer-based education methods 
[125, 126]; communication for development; and social 
marketing strategies that strengthen local and regional food 
systems and promote diverse cultivation and consumption of 
local micronutrient-rich foods can also bolster nutrition and 
food security [69, 127, 128]. Addressing gender and other 
social inequities may be crucial if these programs are to be 
effective [129, 130].

Access to Sustainable, Diverse, Healthy, and Affordable 
Diets

Diverse, plant-rich diets, in line with WHO recommenda-
tions on healthy eating, could reduce global mortality by 
6‒10% and food-related GHG emissions by 29‒70% com-
pared with a reference scenario for 2050 [1]. A transforma-
tion into healthy dietary habits by 2050 would require sub-
stantial dietary shifts, including a greater than 50% reduction 
in global consumption of red meat and sugar, and more than 
doubling the consumption of healthy foods, such as nuts, 
fruits, vegetables, and legumes [8]. Transitioning towards 
healthy diets in line with the planetary diet could prevent up 
to 11.1 million deaths per year in 2030, and reduce green-
house gas emissions (GHGE) from food production and 
consumption worldwide by up to 80% [8]. The necessary 
shifts into healthy diets differ regionally and by country [60], 
and the impacts of dietary transitions should be considered 
in climate change mitigation policy [131]. A trade-off of 
the planetary diet is that it exceeded the income of more 

Table 3  Multi-sectoral climate change adaptation measures to address the climate risks to food security and nutrition, and references used for the 
assessment of the feasibility and effectiveness, evidence, and agreement and relevance of the enablers

Multisectoral adaptation measures References
  Climate-resilient, nutrition-sensitive agroecological farming food systems [49–57] 
  Improved access to healthy, affordable, diverse, and sustainable diets [8, 9, 11, 58–66]
  Access to maternal/reproductive and child health care, access to nutrition services (including to direct nutrition inter-

ventions), integration of WASH in nutrition programs, access to water and sanitation
[2, 32–36, 67–71]

  Adaptive integrated social protection, nutrition-sensitive social protection, shock-responsive social protection, safety 
nets, school feeding programs

[13, 35, 72–78]

  Anticipatory Early warning-Early Action systems (EW-EA) to prevent acute food insecurity/malnutrition and mortality. 
Adoption of Integrated Acute Food Security Phase Classification (IPC) to prevent acute food insecurity/malnutrition, 
famines, and mortality

[79–84]

  Nutrition-sensitive risk reduction, risk management, risk sharing, risk transfer, insurance [85–91]
Enablers
  Women’s and girls’ empowerment [37–39, 92–94]
  Education [95–99]
  Rights-based approaches and good governance [33, 100–105] 
  Humanitarian development peace nexus [21, 22, 40, 106–111]
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than 1.6 billion people worldwide [132]. Adopting the EAT-
Lancet planetary health diet, using current food production 
methods, would reduce GHGE in 101 countries and it would 
increase in 36 countries [131]. Transformative approaches 
towards healthy, sustainable, plant-rich diets require policies 
for the production of more fruits, vegetables, and pulses, by 
diverting subsidies from the cash crops that are the basis of 
ultra-processed foods (such as corn, soybean, and palm oil) 
to fruits, vegetables, and pulses. These policies can be sup-
ported by public education, inclusion of sustainability cri-
teria in national Food Based Dietary Guidelines, promoting 
traditional/indigenous diets, and labeling and establishing 
healthy and sustainable institutional food procurement for 
School Feeding Programs among others [7, 8, 16, 133–136].

Access to Health, Nutrition Services, and Water 
and Sanitation

Access to universal health, including maternal and child 
care, reproductive health, family planning, nutrition ser-
vices, safe food, access to water and sanitation, clean cook-
stoves, and healthy environments and education, contrib-
utes to reducing vulnerability and building resilience to the 
impacts of climate change and variability in malnutrition in 
all its forms [33, 64, 67, 68, 82, 137]. Building resilience in 
communities severely affected by climate-related extreme 
events and food crisis (i.e., IPC acute food insecurity Phase 
3 or more) requires a two-pronged approach, consisting in 
an urgent and short-term response to prevent the threat and 
prevent acute malnutrition and mortality, and a medium 
to long-term nutrition-sensitive multi-sectoral adapta-
tion approach. The first urgent response to climate-related 
extreme events consists in immediate food assistance, safety 
nets, and direct nutrition interventions to treat the severe 
impacts in acute food insecurity and malnutrition and save 
lives. The adoption of IPC indicator of acute food insecurity 
is critical to plan the humanitarian assistance needs. The 
prevention or treatment of moderate undernutrition and the 
treatment of severe undernutrition (i.e., acute malnutrition) 
with ready-to-use therapeutic foods (RUTF) are frequently 
required to save children’s lives. Food assistance needs to 
be targeted directly to meet immediate FSN requirements 
of vulnerable groups, to increase their productive potential 
and adaptive capacity, and to protect them from climate-
related disasters. Food assistance can be delivered, for exam-
ple, by the provision of school meals, labor-based safety 
nets, or cash-based interventions, such as vouchers. Direct 
nutrition interventions that can build resilience overtime 
to the impacts of climate change on children and maternal 
undernutrition include a set of highly cost-effective, evi-
dence-based interventions for children under 2 years old, 
such as exclusive breastfeeding during the first 6 months; 
complementary feeding for infants over 6 months of age; 

improved hygiene, including handwashing and deworming 
programs; micronutrient supplementation for young children 
and their mothers (e.g., periodic vitamin A supplements and 
therapeutic Zinc supplements for diarrhea management); and 
provision of micronutrients through food fortification for all 
(e.g., salt iodization, iron fortification) [32, 35, 70]. Recur-
rent and more intense droughts and floods can result in the 
contamination of drinking water and poor sanitation and 
hygiene. Integrating water, sanitation and hygiene (WASH) 
into nutrition programs is critical to decrease undernutrition 
and address the needs among the very poor and vulnerable 
populations [36]. A second broader medium-longer-term 
approach aims to counter the drivers of malnutrition by scal-
ing up integrated responses guided by inter-sector analysis of 
multiple vulnerabilities such as related to improved EW-EA 
anticipatory systems, access to water and sanitation systems, 
healthcare, nutrition-sensitive agriculture, adaptive social 
protection, and enhancing disaster risk reduction and risk 
management [2, 33, 34].

Nutrition‑Sensitive and Shock‑Responsive Adaptive Social 
Protection

Social protection mechanisms typically entail cash or food 
transfers to households or individuals that meet a particular 
vulnerability threshold, such as food insecurity and malnutri-
tion [138]. Common instruments include unconditional cash 
transfers or public work programs (food-for-work or cash-
for-work), or extension of credit and insurance services. The 
use of conditional cash and asset transfers has been shown 
to reduce impacts of extreme climate events [77]. Short-
term emergency or seasonal safety nets avoid impacts and 
irreversible losses in human capital, reduce the incidence of 
negative coping mechanisms, and protect the family’s access 
to sufficient, nutritious, and safe food [35]. Shock-responsive 
social protection schemes focus on large-scale shocks that 
affect a large proportion of the population simultaneously. 
Nutrition-sensitive social protection, such as school feeding 
programs, contributes to build resilience to the impacts of 
climate change, facilitating access to healthy diets. School 
feeding programs improve nutritional and health outcomes, 
especially among girls, by promoting education and reduc-
ing child pregnancy and fertility rates [67]. Children from 
families participating in Ethiopia’s Productive Safety Net 
Program have improved nutritional outcomes, partly due to 
better household food consumption patterns and reduced 
child labor [139]. Social protection can enhance livelihoods 
in the face of long-term climate change, especially if the pro-
gram engages the beneficiaries in communal public works 
that foster resilience (such as water catchment technologies 
to address drought risk, slope protection barriers, or micro-
dams) or if they engage in behavior that increases adaptive 
capacity such as reducing the production of water-intensive 
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crops [74]. Adaptive social protection programs that com-
bine social protection, disaster risk reduction, and climate 
adaptation objectives in an integrated program are more 
likely to foster preventive and longer-term adaptive and/
or transformational interventions to address climate risks 
than schemes focusing on social protection and disaster risk 
reduction alone [140, 141].

Early Warning‑Early Action Systems to Prevent Acute Food 
Insecurity/Malnutrition

Anticipatory options, such as Early Warning-Early Action 
(EW-EA) systems for FSN, such as the USAID Famine 
Early Warning System (FEWS NET), FAO’s Global Infor-
mation, and Early Warning Systems (GIEWS), and WFP’s 
Corporate Alert System, are fundamental for anticipating 
food crisis and prioritizing interventions to avert acute food 
insecurity, acute malnutrition, famines, and mortality [30, 
83]. EW-EA systems were primarily developed to prevent 
and address slow-onset climate risks, usually on seasonal 
scales, and have adaptation benefits [80]. Investments in 
EW-EA have shown to be cost-effective in reducing hun-
ger and mortality induced by climate-related (and other) 
shocks. During the 2017 drought-induced food crisis in 
Kenya, half a million fewer people required humanitarian 
assistance than would be expected by similar droughts, due 
to effective EA triggered by EW [82]. As the frequency 
and magnitude of climate-related extreme events increase 
under climate change, and their potential impact on FSN 
intensifies, so does the need to anticipate when an extreme 
event might trigger a food crisis. EW has improved sig-
nificantly, due to monitoring technologies, such as through 
Earth observation, and to new approaches of quantifying 
long-term, rather than only short-term risks, such as the 
integration of climate risk monitoring into FSN monitoring 
through the Integrated Food Security Phase Classification 
(IPC). The adoption of IPC indicator of acute food insecu-
rity is critical to build resilience to the impacts of extreme 
climate events, by providing data on acute food insecurity 
and malnutrition which are used to determine severity of 
needs and the number of people in need of humanitar-
ian assistance [21]. The IPC comprises a set of analytical 
tools and processes aimed at studying and classifying the 
severity of acute and chronic food insecurity, specifically 
designed to provide Governments, UN, and Humanitar-
ian Assistance organizations with information in both 
emergency and development contexts [33]. The integra-
tion of climate risk monitoring into FSN monitoring has 
been a critical adaptation option to build resilience to the 
impacts of El Nino in the Dry Corridor in 2014–2016 [33]. 
Investments are needed to forecast crises and to establish 
forecast-based finance initiatives that prioritize limited 
resources [79, 142].

Nutrition‑Sensitive Risk Reduction, Risk Management, Risk 
Sharing and Insurance

With increasing evidence that extremes climate events affect 
malnutrition [143–146], and those impacts will only exacer-
bate vulnerabilities and risks [147], there is a need to support 
communities that are vulnerable to nutrition insecurity and 
disaster risks. Current efforts have focused on risk assess-
ments [148], improving emergency and contingency plan-
ning efforts [149], and promoting livelihood resilience [150]. 
Such approaches assume that solutions required to manage 
risks associated with future climate change are politically 
and financially feasible. Resilience to increasing extreme 
events can be accomplished through risk sharing and trans-
fer mechanisms such as insurance markets and index-based 
weather insurance [2]. Financial transfer mechanisms and 
microinsurance schemes targeting nutrition-insecure house-
holds hold potential [91], especially when combined with 
other risk reduction approaches such as water catchment. 
For example, the World Food Programme-Oxfam R4 Rural 
Resilience Initiative in Ethiopia incorporates improved 
resource management (risk reduction), insurance (risk trans-
fer), microcredit (prudent risk-taking), and savings (risk 
reserves) [151]. Communities participating in this initiative 
seek to reduce key climate risks while also insuring their 
livelihoods against unavoidable impacts [151]. Some studies 
caution about additional risks which poor households may 
bear with these insurance programs, including increased 
debt loads [152–154].

Cross‑Cutting Factors for Climate Adaptation 
for Food Security and Nutrition: the Enablers

Women’s and Girls’ Empowerment

Strengthening women’s agency in promoting sustainable and 
diverse diets, resilient livelihoods, and local food systems 
is key to empowering women in addressing climate change 
impacts on nutrition. Empowered women have increased the 
climate resilience capacity of their communities for food 
security and nutrition [92, 155]. Women’s empowerment has 
been associated, in different cultural contexts, with higher 
resilience and adaptation capabilities as well as lower mal-
nutrition rates [37, 93, 156]. Studies using long-term series 
and multiple variables showed that women’s empowerment 
through education and equality policies is key drivers of past 
reductions of malnutrition in more than 115 countries [9, 
157]. The economic, social, and institutional arrangements 
needed to facilitate women’s empowerment may include tar-
geting men in integrated agriculture programs to change gen-
der norms and improve nutrition [93]. Moreover, addressing 
the gendered politics of access to food not only contributes 
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to better adaptation practices but also to improved dietary 
diversity [38]. And, as a co-benefit with the agroecological 
practices described above, women’s empowerment and agro-
ecology are mutually supportive. Agroecology as a para-
digm, a praxis, and a movement challenges the gendered 
dimensions of traditional agriculture, empowering women 
to generate and control income, thus improving self-esteem, 
decision-making power, and leadership [94].

Education

In order to achieve transformation with combined adaptation 
measures that contribute to reduce the risk of malnutrition, 
education emerges as an effective approach with multiple co-
benefits. Promoting a better understanding of climate change 
impacts and information about adaptation options, combined 
with higher male and female educational levels, is strongly 
associated with higher adoption of adaptation measures in 
Africa and Asia [95, 97, 99]. The number of adaptation 
practices adopted is positively associated with education 
[96], and more practices are linked to higher food security 
levels and lower poverty. Moreover, there is evidence that 
having better access to climate information is often a key 
success factor in adopting climate adaptation diversification 
[98]. The acquired knowledge is not usually expressed in 
individual isolation but shared with peers in order to gain 
legitimization of the adaptation measures through social 
acceptance [158]. Actually, having a better knowledge of 
the consequences of climate change for one’s livelihoods and 
how to adapt and mitigate through daily practices is relevant 
not only for food security and nutrition but also for other 
adaptation practices, being thus a multiplier of co-benefits.

Rights‑Based Approaches and Good Governance

A multi-sectoral approach, institutional and cross-sectoral 
collaboration, and policy coherence, when based on human 
rights, due diligence, and good governance, can foster pre-
ventive and long-term adaptive and/or transformational 
interventions to address the impacts of climate change to 
malnutrition [33, 34, 100, 101]. Actually, food system resil-
ience and food security adaptations are framed with multi-
ple dimensions, encompassing political, economic, psycho-
logical, historical, and natural elements [104], and better 
food and nutrition security in itself can also contribute to 
higher resilience [105]. When rights-based approaches to 
climate change adaptation are followed, livelihood impacts 
last longer and are deeply internalized [102, 103]. Any 
climate adaptation framework must thus prioritize equita-
ble outcomes and entrench good governance and account-
ability. There is an increasing recognition that addressing 
climate change is a component of realizing the right to 
health, and thus it shall be supported by appropriate legal 

and institutional frameworks [159]. As climate change and 
variability increase in scale and urgency, it will be critical to 
ensure respect for human rights while designing and imple-
menting adaptation options [160].

Humanitarian, Development, and Peace Nexus

Food and water insecurities are drivers of social unrest and 
conflict and, at the same time, conflict-forced displacement, 
livelihoods loss, food insecurity and hunger are causes of 
conflict. Therefore, addressing hunger is a foundation for 
stability and peace. Nexus approach refers to strengthen-
ing collaboration, reducing overall vulnerability and unmet 
needs, strengthen risk management, and address root causes 
of conflict [40]. The approach to the humanitarian, devel-
opment, and peace nexus (HDP) aims to address conflict-
driven fragility, climate resilience, and chronic food and 
nutrition security [22]. Another nexus, the triple nexus in 
socio-environmental analysis and policymaking was previ-
ously conceptualized as the linkages between water, energy, 
and food [161], later on, enlarged with adaptive capacities 
[162]. The HDP nexus approach, including peace building 
and social cohesion interventions, seems relevant in areas 
where major drivers interact, namely in protracted food cri-
ses [21, 40, 108–110], with health in armed conflict [106], 
or for religious actors in food insecure areas [111].

Assessment of Feasibility and Effectiveness 
of Climate Change Adaptation for Food 
Security and Nutrition

The effectiveness of the adaptation options in reducing cli-
mate impacts and risks to FSN and malnutrition is deter-
mined by factors such as the nature and extent of the shock 
or risk, complementary/synergistic adaptation options in 
place across systems and sectors, existing socio-economic 
and political context, and adaptation enablers for FSN. 
Based on the evidence assessed in this paper, there is robust 
evidence and high agreement on the effectiveness of adap-
tation strategies for FSN that integrate options such as 
improved access to (i) sustainable, affordable, and healthy 
diets from local climate-resilient, nutrition-sensitive agro-
ecological food systems; (ii) universal health care (includ-
ing child, maternal, and reproductive health), water and 
sanitation systems, and integration of WASH in nutrition 
programs; (iii) nutrition-sensitive adaptive social protection; 
and (iv) anticipatory actions, EW-EA systems or adoption of 
the IPC Acute Food Insecurity classification among others. 
There is medium evidence and agreement of the effective-
ness of risk reduction instruments, such as weather-related 
insurance, and risk management in reducing climate-induced 
food insecurity and nutrition risks.
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The feasibility assessments in this study considered 
six dimensions (economic, technical, institutional, socio-
cultural, environmental, geophysical) which are part of the 
standardized methodology applied throughout the different 
chapters of the IPCC AR6 WGII. Based in the literature 
assessed in this paper, the adaptation categories with the 
highest feasibility across dimensions, include (i) climate-
resilient and agroecological local food systems; (ii) access 
to sustainable, affordable, and healthy diets, and (iii) nutri-
tion-sensitive social protection. The latter presents socio-
cultural and institutional barriers for implementation. The 
implementation of adaptation categories with focus on 
improved anticipatory actions and EW-EA systems and 
access to health, nutrition and water and sanitation services 
scored moderately or highly feasible. Based on the evidence 
assessed in this paper, risk reduction instruments, risk trans-
fer, risk sharing, weather-based insurance, and risk manage-
ment present feasibility challenges related to economic and 
institutional barriers.

The assessment of the relevance of cross-sectoral enablers 
with focus on women’s and girls’ empowerment has emerged 
as very relevant enabler for nutrition-sensitive community-
based adaptation and other development realms [39, 97]. 
Enhanced education, including formal education for all and 
specific climate change education, and extension services 
targeted to improve access to climate information have 
shown to be instrumental to reduce FSN and malnutrition 
and other risks. The realization of human rights (particularly 
the right to health, the right to food, and the right to water) 
and good governance is highly relevant to reduce the risks 
and build resilience to the climate impacts on FSN. Ena-
blers such as Social Cohesion and Peace Building (within 
the framework of the Humanitarian Development and Peace 
Nexus), although there is high agreement of their relevance 
for nutrition-sensitive adaptation, require further evidence 
and improved design research to become pivotal.

The analysis of exemplary case studies of the imple-
mentation of coordinated and/or integrated multi-sectoral 
climate adaptation options—to anticipate, respond, cope, 
and adapt—to the impacts and risks to FSN and malnutri-
tion is fundamental to inform future needs, approaches, and 
timeframes for implementation required to build climate 
resilience. Based on the evidence of coordinated multi-sec-
toral adaptation efforts reviewed in this paper, multi-phased 
approaches and integration of effective adaptation options 
across sectors, systems, and scales are necessary for a timely 
implementation to prevent/respond to impacts and reduce 
risks of climate-related extreme events on livelihoods, 
acute food insecurity, and malnutrition. (1) Urgent adapta-
tion measures are related to the anticipation and response to 
climate related food emergencies, and the assistance to the 
people affected by acute food insecurity and acute malnutri-
tion, and require urgent humanitarian assistance to survive. 

Urgent measures include direct nutrition interventions, train-
ing in therapeutic feeding, food assistance, cash transfers, 
labor-based safety nets, and school meals among other. (2) 
Short-term approaches include the establishment of cli-
mate services, anticipatory actions, and multi-risk EW-EA 
systems to safeguard assets and save lives, and adoption of 
IPC Acute Food Insecurity classification and forecast-based 
finance initiatives, as tools to prevent and build resilience 
to climate impacts to FSN. These adaptation options need 
to be supported with improved access to nutrition, social 
protection, and health care. (3) Medium-term to long-term 
approaches to address climate risks to FSN include invest-
ments in rural development that promotes nutrition-sensitive 
agro-ecological local food systems to improve access to 
healthy and affordable diets, enhancing risk reduction, risk 
transfer, insurance/micro-insurance, and risk management, 
and investing in nutrition-sensitive adaptive social protec-
tion, universal health access, water and sanitation systems, 
and healthy environments.

Conclusions

In this paper we have assessed for the first time the feasibility 
and effectiveness of multi-sectoral climate adaptation strate-
gies and options for food security and malnutrition in all its 
forms, including the relevance of cross-cutting adaptation 
enablers for implementation. The review of the evidence and 
the results of the assessments inform the contents and confi-
dence statements of the section on “multi-sectoral adaptation 
for malnutrition” of the IPCC AR6 WGII Chapter 7: Health 
Wellbeing and the Changing Structures of Communities.

Considering the nature of the feasibility dimensions 
included in this assessment (i.e., economic, technical, 
social, institutional, environmental, and geophysical), these 
results can inform policy and decision makers, International 
Finance Institutions (IFIs), implementing organizations and 
stakeholders across sectors and systems (e.g.. agriculture, 
food, water, health, social protection, EWS).

One of the limitations is that the results are based in the 
evidence reviewed (case studies or empirical research in spe-
cific countries or regions), and, therefore, the results cannot 
be always extrapolated, as they should inform only regions 
with similar climate, geographical and socio-economic, and 
political contexts. Indeed, the information from the effective-
ness and feasibility of adaptation options in the local context 
is critical for the successful implementation. The contextual 
information and existing trade-offs are available in most of 
the studies used in this assessment, and this would allow a 
regional and economic breakdown to consider options and 
outcomes.

The solution space for climate adaptation for food secu-
rity and malnutrition in affected regions requires a focus on 
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effective and feasible multi-sectoral nutrition-sensitive cli-
mate adaptation across food, water, health, and social pro-
tection systems. Anticipatory actions, EW-EA that trigger 
early actions for FSN; risk reduction; and risk management 
schemes, including weather-related insurance and forecast-
based financing, are critical to build climate resilience. Safety 
nets, EWS, insurance, and education have been prioritized 
as feasible adaptation measures [43], and EWS and micro-
finance have been prioritized in low and middle-income coun-
tries [71]. The integration of climate risk monitoring into FSN 
monitoring through the adoption of the IPC classification is 
a critical adaptation option to assess the severity of acute 
and chronic food insecurity for emergency and development 
purposes, and to build climate resilience. Integrated agroeco-
logical food systems where food and water are considered as 
human rights, public goods, and commons [163] offer oppor-
tunities to value food differently and thus to increase dietary 
diversity at household level while building local climate resil-
ience. This is particularly relevant when community-based 
adaptation planning considers issues related to gender equality 
and empowerment, social justice, the resilience of indigenous 
food systems and diets, human rights, and the local manage-
ment of natural resources and biodiversity.

Long-term adaptive social protection programs and 
rights-based approaches that support food insecure house-
holds and individuals through cash transfers or public 
work programs (or employment generation schemes), land 
reforms, insurance, extension of credit, or other effective 
actions have shown to be effective both in reducing climate 
risks of food insecurity and malnutrition, and in improving 
household livelihoods. Long-term adaptation would require 
aspirational system transitions aiming for transformative 
sustainable and healthy food systems and diets, and sup-
ported by universal access to social protection, health care, 
education, and food through school meal programs. These 
comprehensive and integrated long-term solutions are get-
ting increasing attention in the context of the COVID-19 
era and the need to build pandemic-resilient food systems.

Climate adaptation measures for nutrition have been absent 
in the health or food security sections of the National Adap-
tation Plans’ (NAPs) in most of the LDCs and LICs, where 
various forms of malnutrition coexist, mirroring a trend that 
was detected a decade ago [15, 34, 164]. Only 27% of the 
LDCs with NAPs have identified nutrition as a priority for 
adaptation, and only 26% of the LICs identified nutrition as 
a priority in their first NCD submissions. Until very recently 
climate adaptation solutions for nutrition were missing even in 
the Community-Based Adaptation network. One of the main 
reasons contributing to this gap is that malnutrition aspects 
were not considered in vulnerability assessments, reinforcing 
the importance of considering malnutrition in all its forms in 
national and local vulnerability assessments.

The needs, effectiveness, and feasibility of climate adap-
tation options to prevent acute food insecurity and malnutri-
tion in all its forms are among the least frequently studied. 
Climate adaptation policy studies are still limited, and have 
been focusing on needs and socio-political and institutional 
settings of few western countries [165], and on major struc-
tural adaptation needs in LIC and LDCs, where, despite 
being affected by the triple burden of malnutrition, adapta-
tion for FSN has not been prioritized. This review aims to 
inform the IPCC AR6 WGII and has expanded the type of 
multi-sectoral adaptation options for food security and mal-
nutrition in all its forms, and including for the first-time gen-
der equity, peace-building, and human-rights based enablers.

Poorly defined institutional roles between ministries and 
institutional capacity limitations and siloed approaches to 
agriculture, food security, and nutrition have been hinder-
ing the integrated multi-sectoral climate change adaptation 
options for FSN that are presented here. Further and better 
articulation between climate adaptation measures, NDCs, and 
zero hunger objectives may result in higher resilience and 
better food security and nutrition at individual, household, 
community, and national levels. There will be no resilient 
development with malnourished children, nor food security 
with individuals and communities that are highly vulnerable 
to climate change and at risk of extreme climate events.

In this context, Climate Resilient Development Path-
ways that combine multisectoral adaptation measures to 
address food insecurity and malnutrition urgent needs, and 
build individual, household, and ecosystem resilience, with 
ambitious mitigation policies that minimize food systems’ 
impacts to climate change, and improve access to local, 
affordable, and healthy diets, are critical to achieve SDG1, 
SDG2, SDG3, and SDG13, and ensure Climate Resilient 
Food Systems for all beyond 2030.
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