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Foreword

In April 2022, USAID published its Climate Strategy 2022—2030, The strategy commits USAID to
supporting actions across sectors to reduce greenhouse gas emissions and help partner countries adapt
to climate impacts and build resilience to climate change. In support of USAID’s efforts to integrate
climate considerations across its program portfolios, USAID Advancing Nutrition, USAID’s global
flagship nutrition project, reviewed the strategy and proposed that we assist our colleagues in the
Bureau for Resilience and Food Security, Bureau for Global Health, and Bureau for Humanitarian
Assistance to better understand the linkages between climate change, nutrition, and resilience.

Nutrition is not featured as a priority topic in USAID’s climate strategy. However, existing frameworks
and reports suggest that climate change and climate variability have major impacts on food, care, and
health systems via various pathways at different levels, and affect the resilience of the populations these
systems serve (e.g., Haddad et al. 2015; Salm et al. 2020). Knowing that climate change directly and
indirectly influences households’ ability to achieve nutrition and food security, particularly those
households most vulnerable to natural hazards and malnutrition, the USAID Advancing Nutrition team
set out to conduct a review to deepen our understanding of how climate change impacts nutrition
outcomes through each of the three systems as well as through the interplay between them. Our plan
for building this understanding consisted of activities carried out in three phases: (1) a review of
evidence; (2) a rapid pulse check with USAID Missions and implementing partners; and (3) a consultation
with USAID staff from the three operating units. Four overarching questions were formulated to guide
the activity (box 1).

The four questions that guided this evidence review and the Klls were developed
in collaboration with our colleagues in the three Bureaus and are broad, by
design:

I. How is climate change affecting the resilience of the populations served, and can that be observed through
specific nutrition anthropometric or dietary outcomes (e.g., wasting)?

2. How does climate change impact food, care and health systems, and nutrition outcomes, including
micronutrient deficiency, diet diversity, and undernutrition?

a. What is the evidence that climate change is impacting nutrition-sensitive and specific programming in
food, care, and health systems?

What is the magnitude of climate change impact on nutrition outcomes? (i.e., are some outcomes
affected more than others by climate change)?

c. How do impacts vary across local and regional contexts?

3. What types of climate adaptation/mitigation approaches and interventions are influencing nutrition outcomes
(e.g., micronutrient deficiency, diet diversity, and undernutrition)?

a. Are there adjustments that can be made to nutrition programming to address the challenges presented
by climate change?!

What is the magnitude of impact of certain approaches and interventions? Are some more effective to
achieve nutrition outcomes than others?

4. What aspects of program design and implementation are needed to strengthen climate adaptation and
mitigation approaches and interventions to improve nutrition outcomes?
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The report that follows highlights our methods and findings from the evidence review which included
four nutrition outcomes: micronutrient deficiency, diet diversity, and undernutrition. The findings from
this evidence review (Phase |) were originally intended to help inform the development of questions to
be used during key informant interviews (KlIs) with USAID Mission staff and implementing partners
(Phase 2) across four countries: Bangladesh, Kenya, Madagascar, and Niger. However, to accommodate
time constraints, Phase | and Phase 2 were conducted simultaneously rather than sequentially.
Therefore, it was not possible for Phase | findings to directly inform Phase 2.

This review found a lack of high-quality evidence for nutrition interventions implemented
in low- and middle-income countries (LMICs) specifically in response to climate change.
This is especially true for interventions within the health and care systems. Not only is information on
implemented interventions lacking; implemented interventions that are reported in the literature lack a
specificity in their design and in the targeting of resources to improve, maintain, or protect nutrition
from climate change effects.

Finally, this evidence review points strongly to the need to—

e continue to explore the current thinking and practices used by (USAID-supported)
development and humanitarian actors in adapting to or mitigating the effects of climate change
on nutrition outcomes within activities across food and health systems

e develop a rigorous research agenda that fills the gaps in evidence and contributes to USAID’s
ability to effectively promote resilience and maintain and improve nutrition even as our
climate continues to change

e ensure intervention designs to protect nutrition in the context of climate change consider
equity, justice, and inclusion dimensions

e greatly enhance communication among multi-sectoral nutrition stakeholders working in both
development and fragile contexts to share—in real time—what works to protect nutrition in
a quickly changing climate, noting that underlying contributors to resilience, such as access to
social protection, improved physical infrastructure (roads, electricity, and water systems), and
strengthened social capital, may emerge as being even more critical to nutrition than ever
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Executive Summary

Climate change can influence nutrition outcomes through many pathways and mechanisms in the food,
care, and health systems (Bush et al. 2022, Met Office and WFP 2012, Myers et al. 2017, Salm et al.
2021, Tirado et al. 2013). Despite a large body of literature mapping the potential pathways of climate
change impacts across those systems (e.g., Myers et al. 2017, Farooq et al. 2022, Tirado et al. 201 3),
gaps remain in specific evidence of how much climate change affects nutrition outcomes (Phalkey et al.
2015, Bush et al. 2022) and in quantifying by how much current strategies and interventions can offset
that impact (Berrang-Ford et al. 2021, Bush et al. 2022, Levy et al. 2016). These gaps in evidence are due
to both the long and complex pathways in which climate effects directly and indirectly influence
nutritional status, as well as the lack of interventions and evaluations implemented to specifically reduce
the negative consequences of climate change on defined nutritional indicators.

This report summarizes the available evidence of how implemented interventions (and, to a lesser
extent, modeling approaches) aimed at enabling affected communities to mitigate or adapt to climate
change also improve or maintain nutrition outcomes (i.e., food security, undernutrition, micronutrient
deficiency, and dietary diversity). Climate adaptation is understood as “the process of adjusting to the
actual or expected climate and its effects, in order to moderate harm or exploit beneficial
opportunities” while climate mitigation is understood as activities or processes that contribute to
reducing greenhouse gas emissions (USAID 2022).

The findings from this evidence review (Phase |) were originally intended to help inform the
development of questions to be used during key informant interviews (Klls) with USAID Mission staff
and implementing partners (Phase 2) across four countries: Bangladesh, Kenya, Madagascar, and Niger.
However, to accommodate time constraints, Phase | and Phase 2 were conducted simultaneously rather
than sequentially. Therefore, it was not possible for Phase | findings to directly inform Phase 2.
Ultimately, findings from this review and the KllIs will be presented to USAID in a consolidated final
report.

This activity was guided by four questions:

I. How is climate change affecting the resilience of the populations served, and can that be observed
through specific nutritional, anthropometric, or dietary outcomes (e.g., wasting)?
2. How does climate change impact food, care, and health systems and nutrition outcomes, including
micronutrient deficiency, diet diversity, and undernutrition?
a. What is the evidence that climate change is impacting nutrition-sensitive and specific
programming in food, care, and health systems?

b. What is the magnitude of climate change impact on nutrition outcomes (i.e., are some
outcomes affected more than others by climate change)?

c. How do impacts vary across local and regional contexts?

3. What types of climate adaptation/mitigation approaches and interventions are influencing nutrition
outcomes (e.g., micronutrient deficiency, diet diversity, and undernutrition)?
a. Are there adjustments that can be made to nutrition programming to address the
challenges presented by climate change?

b. What is the magnitude of impact of certain approaches and interventions (i.e. Are some
approaches more effective to achieve positive nutrition outcomes than others?

4. What aspects of program design and implementation are needed to strengthen climate adaptation
and mitigation approaches and interventions to improve nutrition outcomes?
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This evidence report focuses primarily on guiding questions three and four related to interventions and
program design, given the large body of literature on how climate change will impact nutrition outcomes
(e.g., Bush et al. 2022, Met Office and WFP 2012, Mock and Jennings 2022, Myers et al. 2017, Salm et al.
2021, Tirado et al. 2013). The introduction section provides a brief summary of existing literature and
additional context related to questions one and two, including how the effects of climate change have
influenced nutrition and resilience of vulnerable populations (annex 4). Section 3 describes how varying
interventions influenced nutrition outcomes.

The evidence was obtained through a systematic literature search of scientific articles, complemented by
a gray literature search of targeted websites from governmental and nongovernmental organizations.
The evidence review specifically focused on implemented and modeled interventions in low- and middle-
income countries (LMIC). The review screened 6,122 abstracts and identified 49 peer-reviewed articles
and 2,998 documents from the gray literature. Thirty-eight of these are summarized in the report. Most
evidence covers geographical regions in sub-Saharan Africa (SSA). Experiences in Asia, Latin and South
America, and island states and territories were less documented in the literature.

The results include five key findings:

I.  High-quality, robust, and specific evidence is lacking for implemented nutrition interventions in
LMIC:s specifically in response to climate change. This is especially true for interventions within
the health and care systems, as well as for mitigation (vs. adaptation) interventions.

2. Implemented interventions most frequently focus on drought and rainfall-related climate
changes. In many cases, the literature does not identify the specific climate-related targets or
impact an intervention may have been designed to address.

3. Implemented interventions most frequently focus on food security (defined in variable ways) and
undernutrition, while diet diversity, micronutrient deficiency, and obesity are understudied.

4. The existing evidence base of implemented interventions suggests those that provide financial
support, build infrastructure, or use multi-sectoral designs targeting food, health, and care
systems are promising. Other interventions may have been implemented but not currently
captured. Additional information from KllIs will help provide USAID additional context.

5. Climate change co-benefits (i.e., strategies that can both mitigate and adapt to climate change)
are largely untested in implemented interventions captured in the literature, but present an
important opportunity for future climate responses and their evaluations. For example,
interventions for adaptation frequently overlook mitigation potential (e.g., agroforestry’s
sequestration potential, or aquaculture’s potential for shifting diets away from red meat).

Based on existing evidence and the authors’ perspective, the following is a set of guiding principles for
programs that intend to incorporate climate-related interventions and improve nutrition outcomes:

e Be specific in targeting climate shocks and map (multiple) pathways across time
horizons. Design interventions that target specific extreme weather events and climate change
scenarios in a region. ldentify the multiple pathways of impact these extreme events and more
long-term changes in climate are expected to have on specific nutritional outcome indicators to
inform appropriate interventions. Develop or modify programs that correspond to urgent,
short-term, or long-term time horizons.

e Use robust evaluation designs. Most existing evidence is based on a small number of
interventions, research designs that lack rigor, and inconsistent measurements of nutritional
impacts. When not ethical or feasible to conduct randomized control trials (RCTs) to evaluate
interventions, mixed methods approaches could be employed to assess the effectiveness of
these interventions in program contexts.
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Measure, report, and revisit. Build stronger monitoring and evaluation approaches over the
lifetime of a project to track the variation of climate change effects and the impact of
interventions on nutrition outcomes. Use either established tools or develop custom indicators
to inform design and facilitate course correction during implementation, as needed.

Design to achieve co-benefits. Many interventions have both adaptation and mitigation
potential, which are often not recognized. Identifying the co-benefits in a package of
interventions can contribute to more integrated, holistic, and cost-effective climate change
responses for improved nutrition outcomes.

Incorporate equity and justice. Apply a guiding framework (e.g., Salm et al. 2021) that
ensures intervention designs to protect nutrition in the context of climate change consider
equity, justice, and inclusion dimensions. This is crucial for designing interventions that reach
those with greatest need and reduce disparities.

Generate evidence across multiple geographies, as appropriate. Most evidence
documented here came from single-country studies. Implementing the same interventions across
multiple sites and locations, if appropriate, and with consideration of local context, can enable a
better understanding of approaches that might work across diverse geographies and contexts.

Incorporate social and cultural factors. Much of the existing literature has focused on
“hard” adaptation measures, such as infrastructure, but “soft” measures, including community
engagement, social capital, and indigenous knowledge and practices, are also important factors
for consideration in the design and implementation of program changes.
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|l. Introduction

It is both recognized and increasingly evident that the climate is deeply influencing and being influenced
by (i.e., through greenhouse gas [GHG] emissions) how our food, health, and care systems function
globally. While climate and weather have always affected outcomes in these three systems, the changing
climate presents new and unprecedented challenges that populations must adapt to for continued
resilience, especially in low- and middle-income countries (LMICs) (Myers et al. 2017). The climate
change-related effects come amid other shocks and stressors, including violent conflict, poverty, disease,
global demographic changes, and shifting consumer food preferences. These also influence nutrition
outcomes, particularly among the most vulnerable: young children, women of reproductive age, and
marginalized population subgroups (WFP, WHO, UNICEF 2022).

Nutrition programming is therefore increasingly considering both the ways that programs need to
change to adapt to climate change and how such programs and interventions may mitigate climate
change. Climate adaptation is understood as “the process of adjusting to the actual or expected climate
and its effects in order to moderate harm or exploit beneficial opportunities,” while climate mitigation is
understood as activities or processes that reduce GHG emissions (USAID 2022).

Despite a large body of literature mapping the potential pathways of climate change impacts across the
food, health, and care systems (e.g., Myers et al. 2017, Farooq et al. 2022, Tirado et al. 2013), gaps
remain in understanding how much changes in nutrition outcomes can be attributed to climate change
(Phalkey et al. 2015, Bush et al. 2022) and the responses, solutions, and interventions that actually work
to address these challenges (Berrang-Ford et al. 2021, Bush et al. 2022, Levy et al. 2016). Climate change
can impact nutrition outcomes via many pathways and mechanisms in the food, care, and health systems
(Bush et al. 2022, Met Office and WFP 2012, Mock and Jennings 2022, Myers et al. 2017, Salm et al.
2021, Tirado et al. 2013). These mechanisms include slower and longer-term changes (e.g., temperature
and rainfall changes, physiological changes of plants under higher CO; concentrations) as well as
increased frequency and intensity of extreme events (e.g., cyclones, floods, droughts) (Erickson et al.
2019, Asmall et al. 2021), which have already affected and will continue to affect nutrition outcomes
over different time horizons (Levy et al. 2016; Lieber et al. 2021). However, the current gaps in
evidence both about the causal pathways between climate change and nutrition outcomes and the
effectiveness of responses and interventions hinder the ability of governments, nonprofits, and business
sectors to plan for and respond appropriately. In short, while wide recognition exists of both
current and future nutrition impacts through climate change, evidence-based strategies
that can be employed with confidence are lacking (Berrang-Ford et al. 2021, Bush et al. 2022).

This report includes findings from a review of peer-reviewed publications and gray literature from
relevant development and implementing organizations. It summarizes the evidence of existing
implemented interventions (and, to a lesser extent, modeling approaches in annex 4) that seek to
improve nutrition outcomes while adapting to—or mitigating—the effects of climate change. This report
is not intended to be a review of how climate change impacts food, care, and health systems and in turn
nutrition outcomes (see e.g., Bush et al. 2022, Forster et al. 2021, Myers et al. 2017, and Salm et al. 2021
for extensive existing reviews). The findings from this evidence review (Phase |) were originally
intended to help inform the development of questions to be used during key informant interviews (Klls)
with USAID Mission staff and implementing partners (Phase 2) across four countries: Bangladesh, Kenya,
Madagascar, and Niger. However, to accommodate time constraints, Phase | and Phase 2 were
conducted simultaneously rather than sequentially. Therefore, it was not possible for Phase | findings to
directly inform Phase 2. Ultimately, findings from both this review and the KllIs will be consolidated into
one final report.
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This evidence review comprises the first phase of an activity informed by four guiding questions:

I. How is climate change affecting the resilience of the populations served, and can that be
observed through specific nutritional, anthropometric, or dietary outcomes (e.g., wasting)?
2. How does climate change impact food, care, and health systems and nutrition outcomes,
including micronutrient deficiency, diet diversity, and undernutrition?
a. What is the evidence that climate change is impacting nutrition-sensitive and specific
programming in food, care, and health systems?

b. What is the magnitude of climate change impact on nutrition outcomes (i.e., are some
outcomes affected more than others by climate change)?

c. How do impacts vary across local and regional contexts?

3. What types of climate adaptation/mitigation approaches and interventions are influencing
nutrition outcomes (e.g., micronutrient deficiency, diet diversity, and undernutrition)?
a. Are there adjustments that can be made to nutrition programming to address the
challenges presented by climate change?
b. What is the magnitude of impact of certain approaches and interventions (i.e. Are some
approaches more effective to achieve positive nutrition outcomes than others?

4. What aspects of program design and implementation are needed to strengthen climate
adaptation and mitigation approaches and interventions to improve nutrition outcomes?

The report first introduces the methods for the evidence review, then describes interventions
implemented in response to climate change and their influence (including, where possible, magnitude of
impact) on nutrition outcomes. Then, the report discusses potential nutrition programming, program
design, and implementation changes, and gaps in the evidence for how to improve nutrition outcomes in
a changing climate. A set of annexes includes additional details about the search strategy and evidence
surrounding modeling and proposed interventions identified in the literature, including how climate
change will affect vulnerable populations and resilience.

2. Methods

2.1 Framework and Approach

We were informed by existing resilience frameworks (e.g., Bush et al. 2022, Mock and Jennings 2022,
Myers et al. 2017, Salm et al. 2021) considering food, care, and health systems as the context in which
nutrition outcomes are affected by climate change.

Resilience is understood as the ability of people, households, communities,
countries, and systems to mitigate, adapt to, and recover from shocks and
stresses that enable reduced chronic vulnerability and inclusive growth (Adger
2006; USAID 2022; IPCC 2022).

It is composed of different capacities that can reflect individual and structural components, such as
vulnerability, social disparities, and geographical contexts; absorptive capacity, which refers to minimizing
exposure to shocks and the capacity to persist and continue; and adaptive capacity, which refers to the ability
to access resources to implement strategies to adapt and respond to shocks.

The resilience framework of Mock and Jennings (figure |) posits that feedback loops exist between the
effects of climate change and resilience, whereby communities with adequate resources to build
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absorptive, adaptive, and transformative capacity can reduce the negative impacts of climate shocks and
stresses on nutrition, whereas those without these resilience capacities suffer decline or even collapse.
This review also draws on the conceptual framework on maternal and child nutrition (UNICEF 1990
updated 2023) of the immediate, underlying, and enabling determinants of nutrition, recognizing the role
of both food and health systems.

Our search strategy used five categories of terms similar to those used in the framework (climate
change; climate change shocks and stressors; interventions related to assets, structures, and strategies;
resilience; and nutrition/well-being outcomes) and a combination of terms within each of the five
categories to conduct the comprehensive review. The search terms, across the five categories reflective
of the framework, were developed with input from USAID Advancing Nutrition (annex |). The three
primary nutrition outcomes of interest identified for this search were micronutrient
deficiency, undernutrition, and diet diversity. However, multiple papers also included “food
security” or “nutrition security” as outcomes and therefore these are included as additional outcomes
of focus. As USAID does not officially consider or define food or nutrition security as a nutrition
outcome, we explicitly reference the measurement/definition used by the publication’s authors for
“food/nutrition security” for clarity.

For the peer-reviewed literature, our review employed criteria from the PRISMA checklist! (an
international standard for systematic literature reviews) for a comprehensive search strategy and
process. The search was conducted in January 2023 using Web of Science, the most comprehensive and
interdisciplinary search database available that has a clear ability to provide filters and limits.

Figure |I. Framework Guiding Evidence Review
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2.2 Peer-Reviewed Evidence

A total of 6,129 articles were imported into Covidence, a software program to facilitate systematic
evidence reviews. Seven were duplicate articles; 6,122 abstracts were screened by two reviewers
independently in the Covidence system. Inclusion for consideration of full review included articles that
met all of the following conditions: (1) peer-reviewed article, excluding commentaries and review
articles; (2) inclusion of an implemented, modeled, or proposed intervention in response to climate
change; (3) a focus on nutrition outcomes, explicitly food security, malnutrition, diet diversity, and/or
micronutrient deficiency; (4) implementation in LMICs (using the World Bank list); (5) published within
the last 10 years (2012-2023). In the case that reviewers disagreed about whether an article should be
included for full review, all abstracts were discussed jointly and consensus reached for inclusion or
exclusion in the full-article review.

A total of 83 full-text studies were included for full review, which was conducted by one reviewer. Full-
text review, employing the same inclusion criteria, yielded 49 studies for inclusion overall. Figure | in
annex | details the entire search process. Annex 2 provides a full list of all peer-reviewed articles
considered. Each of the 49 studies included for review was read and analyzed for components including
citation information, country and region of focus, methodology, target population and size, climate
change impact addressed, nutrition outcome, intervention type and description, results,
scalability/transferability, and resilience implications. This information was compiled in a separate
evidence spreadsheet.

2.3 Grey Literature Evidence

A review of gray literature was carried out to complement the systematic review of peer-reviewed
literature (Mahood et al. 2014; Munn et al. 2018). Gray literature, from governmental and
nongovernmental organizations, was searched to assess nutrition-sensitive and specific interventions
related to climate change adaptation and mitigation. Documents reviewed included technical reports,
case studies, governmental and nongovernmental white papers, fact sheets, and research reports.

Seventeen targeted websites (governmental and nongovernmental) and two referenced materials (i.e.,
reports) were decided upon in consultation with USAID Advancing Nutrition (annex 3). Searching and
screening of documents was carried out between February 21, 2023, and March 30, 2023. Each site was
searched according to the established search terms. However, the search term combinations used were
modified to fit the limited and diverse search engines of the targeted websites. Several searches were
conducted on each website, though four websites could not be assessed (see the “Limitations” section).
Annex 3 includes the search protocols for each, informed by the PRISMA approach, as well as the
number of documents screened and approved for inclusion (Mahood et al. 2014; Page et al. 2021).
Figure 2 in annex 3 summarizes the gray literature review that accompanied the systematic literature
review of the peer-reviewed evidence. The combinations used allowed assessment of relevant
documents regarding the research questions, as well as the evidence spreadsheet categories. Each
document’s descriptions, which in some cases were only abstracts, were screened according to the
inclusion criteria. A total of 2,998 documents were screened; of these, 297 full texts were reviewed.
Thirty-eight documents met the inclusion criteria. Each of the 38 documents was read and analyzed for
components including citation information, type of source (e.g. report, case study), country and region
of focus, methodology, target population and size, climate change impact addressed, nutrition outcome,
intervention type and description, results, scalability/transferability, and resilience implications. This
information was compiled in a separate evidence spreadsheet
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3. Findings

Key Findings

High-quality, robust evidence is currently lacking for implemented nutrition interventions in LMICs specifically
responding to climate change, especially in the health and care sectors and for mitigation.

Implemented interventions most frequently focus on drought and rainfall-related climate changes, and in
some cases identify no specific climate related impact.

Implemented interventions most frequently focus on food/nutrition security (defined in variable ways), and
undernutrition, while micronutrient deficiency and obesity are especially understudied.

The existing evidence base of implemented interventions points towards financial, infrastructure, and
comprehensive multi-sectoral food, care, and health system interventions as promising strategies.

Climate change co-benefits are not fully recognized in implemented interventions, an important opportunity
for integrated climate response.

3.1 Summary of Results

High-quality, robust evidence is lacking for implemented nutrition interventions in LMICs specifically
responding to climate change, leaving few proven effective interventions to be recommended across
USAID nutrition programs. The existing evidence in LMICs is largely from single countries,
predominantly in the sub-Saharan Africa (SSA) region and Asia, and rarely comparative across different
geographies. Similar to other systematic reviews (e.g., Salm et al. 2021), undernutrition and
food/nutrition security? are the most common nutrition outcomes studied, with little focus on
micronutrient deficiency and diet diversity.

Drought and rainfall-related climate change impacts are the most frequently explored, while
temperature, storms, and variability are less examined. This may reflect the geographical areas of focus
in the literature. In some cases, especially in the peer-reviewed literature, intervention responses are
vaguely framed as about climate change but lack the specificity of exact effects of climate change in a
place or context, which influences the pathways to nutrition outcomes. Failure to develop interventions
for specific climate impacts may lead to ineffective responses. For example, a drought impacts nutrition
pathways via reduced food availability, while a flood impacts nutrition pathways via reduced food
availability and increase in waterborne disease exposure.

The available evidence suggests that many existing development approaches (e.g., water, sanitation, and
hygiene interventions, cash transfers) targeting the most vulnerable populations (e.g., poor households,
women, and girls) will help respond to the effects of climate change and can impact nutrition outcomes.
However, this is not always a safe assumption and needs to be assessed per intervention and context.
For example, use of flush toilets compared with pit latrines in a dry area or during an extended drought
are associated with worse nutrition outcomes in a modeling study (Drysdale et al. 2021). In male-headed
households, young boys have worse nutrition outcomes under different climate change impacts,
including lower diet diversity, stunting, and wasting in some modeling studies (Ambikapathi et al. 2021,
Dimitrova et al. 2021, Niles et al. 2021). Nutrition programming in response to climate change should
therefore consider specific changes in climate and extreme weather events in a region and assess the
mechanisms through which climate shocks and stressors will impact food, care, and health systems and

2 Food security and nutrition security was defined in many ways. When indicated in the results, we have footnoted the explicit definition or
measurement of food security and/or nutrition security to provide greater detail.
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nutrition outcomes. Programming should also consider a time horizon for impact, including urgent,
short-term, and longer-term needs and proposed changes (Tirado et al. 2022).

In assessing the interventions and nutrition programming changes necessary for improving nutrition
outcomes under climate change shocks and stressors, additional attention is needed for health and care
sectors, as well as joint mitigation/adaptation strategies (that maximize co-benefits) and “soft adaptation”
strategies (i.e., beyond technological, agricultural, or infrastructure development and of organizational
and social nature). Based on the existing literature and the authors’ integrated perspective, nutrition
interventions and programming designers could consider the following:

e Be specific in targeting climate shocks and map (multiple) pathways across time
horizons. Design interventions that target specific extreme weather events and climate change
scenarios in a region. ldentify the multiple pathways of impact these extreme events and more
long-term changes in climate are expected to have on specific nutritional outcome indicators to
inform appropriate interventions. Develop or modify programs that correspond to urgent,
short-term, or long-term time horizons.

e Use robust evaluation designs. Most existing evidence is based on a small number of
interventions, research designs that lack rigor, and inconsistent measurements of nutritional
impacts. When not ethical or feasible to conduct randomized control trials (RCTs) to evaluate
interventions, mixed methods approaches could be employed in process evaluations and
implementation research to assess effectiveness in program contexts.

e Maeasure, report, and revisit. Build stronger monitoring and evaluation approaches over a
project’s lifetime to track the variation of climate change effects and the impact of interventions
on nutrition outcomes. Use either established tools (e.g., Dietary Diversity Score; Household
Food Insecurity Access Scale) or develop custom indicators to assess interventions in the food,
health, and care systems to inform and facilitate course correction during implementation, as
needed.

e Design to achieve co-benefits. Many interventions have both adaptation and mitigation
potential, which are often not recognized. Identifying the co-benefits in a package of
interventions can contribute to more integrated, holistic, and cost-effective climate change
responses for improved nutrition outcomes.

e Incorporate equity and justice. Apply a guiding framework (e.g., Salm et al. 2021) that
ensures intervention designs to protect nutrition in the context of climate change. Consider
equity, justice, and inclusion dimensions, including how place of residence, race and ethnicity,
gender, occupation, religion, education, socioeconomic status, social capital, age, and other
factors may influence how benefits/harms accrue. This is crucial for designing interventions that
reach those with greatest need and reduce disparities.

o Generate evidence across multiple geographies, as appropriate. Most evidence
documented here came from single-country studies. Implementing the same interventions across
multiple sites and locations, if appropriate, and with consideration of local context, can enable a
better understanding of approaches that might work across diverse geographies and contexts.

e Incorporate social and cultural factors. Much of the existing literature has focused on
“hard” adaptation measures, such as infrastructure. But “soft” measures, including community
engagement, social capital, and indigenous knowledge and practices, are also important factors
for consideration.
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3.2 Overview of the Evidence

Most evidence evaluated covered SSA countries and regions, especially Ethiopia, Kenya, Uganda, Malawi,
Senegal, Tanzania, Burkina Faso, Ghana, Nigeria, and Zimbabwe (figure 3), like other recent reviews on
climate change and nutrition (Salm et al. 2021). More limited evidence was found for India, Bangladesh,
Nepal, and Vietnam. Evidence from Latin and South America was minimal, as was evidence from low-
and middle-income island states and territories. Over half (28) of the countries and regions identified in
this review had only one article, report, or document.

More reports were found that examined drought and precipitation changes, with fewer examining
temperature impacts. Storms and general “climate change” were also common (figure 3). However,
specific climate impacts were more common in modeled studies in the peer-reviewed literature using
historical climate change-related events for assessing relationships.

The most common nutrition outcomes examined were a broad category of undernutrition (like Salm et
al. 2021), and food and nutrition security (figure 3). Diet diversity and micronutrient deficiency were
explored less in the literature, and evidence examining obesity was minimal.

Figure 3. Compilation of Evidence Results
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3.2.1 Intervention Type

Among all intervention types (implemented, modeled, proposed), implemented interventions were the
most common in the gray literature, while modeled interventions were most of the peer-reviewed
evidence (Table I). However, among the 24 implemented interventions identified in the gray literature,
the majority (58 percent, n=14) were ongoing and highlighted an intervention that had begun, but often
had only incremental or no outcomes to report yet. For the main body of this report, evidence
reviewed is for implemented interventions, while annexes 3 and 4 include additional details on modeled
and proposed interventions in the literature.
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Table I: Evidence by Intervention Type

Intervention Type Peer Reviewed Grey Literature
Implemented 27.5% 63.1%

Modeled 51.0% 7.9%

Proposed 21.5% 21.1%

Proposed and Implemented 0.0% 7.9%

3.3 Climate Adaptation Interventions Influencing Nutrition and
Their Magnitude of Impact

This section reviews the evidence of implemented interventions identified in the peer-reviewed and gray
literature related to climate change adaptation approaches for four nutrition outcomes (food security,
micronutrient deficiency, diet diversity, and undernutrition).

Summary and Overview

The limited availability of implemented interventions to maintain or improve nutrition outcomes in a climate
change context, as well as the lack of specificity of those implemented hinders the understanding of
interventions and their relative magnitude of impact. Descriptions of interventions are often general and
involve multiple strategies and limited quantitative evidence of impact (e.g., “reduced hunger”), leading to
vague understanding of the magnitude of impact, and making the mechanism of impact unclear (i.e., multiple
interventions were implemented at once).

Much of the evidence base documents proposed strategies or forthcoming/ongoing interventions and
programs, suggesting there has been a scaling up of interventions within the last five years, and that evidence
will continue to grow as additional interventions are reported.

The existing evidence base of implemented interventions points towards finance, infrastructure, and
comprehensive multi-sectoral food, care, and health system interventions as promising strategies. There were
no interventions identified that were implemented or modelled focused on food loss and waste and/or food
safety in the literature. It should be acknowledged that many other strategies may have been implemented
but are not currently captured in the grey or peer-reviewed literature. Additional information from Kils will
help provide USAID additional context.

3.3.1 Food Security and Nutrition

A number of the reviewed interventions focused on improving agriculture or production strategies as

the means for improving food security or nutrition outcomes. Many of these agricultural interventions
(e.g., climate-resilient agricultural practices, agricultural income improving activities) were noted in the
gray literature but with rather imprecise reference to improving food security and nutrition outcomes,
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without specifically defined indicators or measured magnitudes of impact (e.g., Chakrabarti 2019). Often,
fact sheets or brief reports referred to improved food security through “increased production
efficiency” (e.g., in Mozambique, IFAD 2016), though without specific magnitudes of impact, reflecting a
prevailing assumption that agricultural yield or other agricultural improvements will result in improved
food security or nutrition outcomes.

Notable exceptions of studies and programs that have quantifiable effect on nutrition-related outcomes
include the following:

e One intervention identified orange-fleshed sweet potato (OFSP) as a drought-resistant and
nutritious crop with promise for protecting household resiliency in the face of climate stress in
four East African countries—Tanzania, Kenya, Mozambique, and Ethiopia—and it demonstrated
reduced “high” food insecurity3 (from 34 percent of households at baseline to 16 percent of
households at endline in Tanzania) after a three-year implementation focused on OFSP vine
cultivation and market expansion (Girard et al. 2021).

e Another program focused on capacity building, extension services, endowments, and technology
assets for climate change adaptation among smallholder farmers in West Africa resulted in a
reduction in food insecurity for 60 percent of participants (measured via the Household Food
Insecurity Access Scale) during the multiyear program (Kizito et al. 2019).

e An agroforestry intervention implemented in Ghana was perceived to have enriched soil
nutrients, improved food crop production via new crops (42 percent of farmers), generated
additional income through non-timber tree product sales (55 percent of farmers), and improved
food security* via new food sources (fruit on trees, 58 percent of farmers) (Apuri et al. 2018).

Drought-tolerant or wild foods (often called “hunger crops" or “famine foods”) were identified as
critical interventions in geographical regions ranging from SSA to Mainland China and Papua New
Guinea, though with limited evidence on their potential impact and frequently discussed as coping
mechanisms. Cassava (Gwatirisa et al. 2017), sorghum, leafy vegetables (Masao et al. 2023, Ghosh et al.
2021), wild fruits, pearl millet, cowpea (Ghosh et al. 2021), and other wild foods (Gwatirisa et al. 2017,
Zhang et al. 2016, Ghosh et al. 2021) are often consumed by households during drought and wet
seasons, up to twice a day in the poorest households (Masao et al. 2023), providing important nutrients
during the lean season when other foods are less available.

Fishing and aquaculture were also identified in several interventions, though with nuanced and
limited evidence demonstrating improved food security. Evidence from Cambodia assessing the potential
of small-scale fish aquaculture to help communities adapt to climate change found that although most
respondents reported they would continue raising fish after subsidies ended, no significant differences
existed in respondents’ food security status (defined as “ability to afford to feed my family”) between
those participating in the program and those not (Richardson et al. 2018). A qualitative study from
Nicaragua of the Rama people examined how climate change, especially changes in wind, influenced
fisherpeople with different equipment types. Those with motorboats, panta, or gill nets benefited from
the increased wind, while those using traditional methods like hand nets or sails with canoes were
disadvantaged, revealing that equipment can mediate how climate change affects food security of a given
group of people (Papworth et al. 2022).

A few other interventions explored the influence of social networks and access to information on
food security outcomes in the face of climate change effects, though with limited measures of magnitude
or evidence of impact. While female empowerment networks and other social networks were identified

3 Girard et al. do not indicate how food insecurity was measured in this study.
* Food insecurity was defined as an “impact of variable local climate,” and agroforestry was defined as contributing to reducing food insecurity
through food crop production, increased access of income, and source of food for households.
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in different studies (e.g., Dey et al. 2018, Gwatirisa et al. 2017) as being important for sharing knowledge
and information about food security and wild crops during climate change events, climate information
access alone was not associated with improved food security® or adoption of climate-smart agriculture
practices in Kenya and Senegal (McKune et al. 2018).

Financial assistance, including unconditional cash transfers, as protection against climate change effects
was explored in several studies. Cash +, a Food and Agriculture Organization of the United Nations
(FAO) intervention that provides unconditional cash transfers, productive inputs or assets including
small ruminants, and training and technical extension services following a shock (including climate-
induced shocks), was associated in Burkina Faso with an increase in household food securityé from 35
percent of households before the intervention to 75 percent of households after (FAO 2018). Similar
results were observed in Mali (food security improved by 23 percent) and Mauritania (FAO 2018). More
rigorous evidence was found in Ethiopia, where households participating in an unconditional subsidy
program and disaster preparedness assistance package experienced 50 percent less food insecurity than
nonparticipant households (USAID 2022). Food and cash transfers were also part of a suite of
interventions implemented in Zimbabwe through a World Vision International project (which included
nutrition behavioral change messaging, drought-resistant crops, post-harvest infrastructure, and policy
and social safety net programs), which were associated with more than 50 percent reduced odds of
going to bed without eating (World Vision 2017).

3.3.2 Micronutrient Deficiency

The most comprehensive peer-reviewed study including micronutrient deficiency as an outcome was the
previously mentioned paper examining the impact of different interventions promoting OFSP and
nutrition education in four countries in the context of “climate change” generally, not specific stressors
or shocks from climate change (Girard et al. 2021). The interventions involved multi-sectoral
approaches, including increased distribution of OFSP vines and cultivation, extension services, market
support and expansion, and community nutrition education. Several improvements were documented,
including significantly improved beta-carotene intake by mothers and children, lowered anemia in
pregnant women and reduced maternal wasting in Kenya, and 63 percent higher vitamin A rich food
intake by intervention children in Ethiopia. (Girard et al. 2021).

3.3.3 Diet Diversity

The four-country study on OFSP also demonstrated improvements in diet diversity across several
locations (Girard et al. 2021). In Tanzania, a 24-hour dietary recall showed an increase in households
meeting minimum dietary diversity from 0.4 percent to 46 percent of intervention households, and in
Mozambique, children in intervention households had a higher mean dietary diversity score (4.78)
compared with nonintervention households (4.19). In Ethiopia, the proportions of both women and
children achieving minimum diet diversity were |9 percent higher in intervention households at the
endline compared with controls (Girard et al. 2021).

Participants in the Cash + FAO program of unconditional cash transfers in Mali were 70.5 percent more
food secure (measured by the Food Insecurity Experience Scale) than control households (Dao 2021).
The food and cash transfers included in the previously mentioned suite of interventions implemented in
Zimbabwe were associated with a more than doubling of household dietary diversity scores, especially
in female-headed households (World Vision 2017).

® The indicator for food security was adapted from the Household Food Insecurity Access Scale, using five-question dyads about use of coping
mechanisms over the last four weeks. Responses include a yes/no question to start each dyad, then a follow up for yes responses including
frequency of use where |= rarely, 2= sometimes, 3= often). A food security index was created with the sum of responses across each question,
ranging from 0 (least food insecure) to |5 (most food insecure).

¢ The document did not include the measurement for "food security."
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3.3.4 Undernutrition, Stunting, and Wasting

Breastfeeding as a strategy to combat undernutrition was examined in the context of higher
temperatures in Burkina Faso (Part et al. 2022). Overall, time spent on breastfeeding decreased by 2.3
minutes/day and childcare increased by 0.6 minutes/day, per | degree Celsius increase in same day mean
temperature. The odds of exclusively breastfeeding young infants (0—3 months) decreased as
temperature increased. This intervention highlights the complex interplay between temperature,
maternal time, childcare, and nutrition outcomes.

Infrastructure investments were the focus of several interventions; however, often these investments
were combined with other interventions, making the causality of impact difficult to ascertain. In Gambia,
a strategy to reduce climate change impacts on rural communities included water-related infrastructure
construction, road improvements to increase agricultural market access, and rehabilitation of 20,000 ha
of vulnerable land. An evaluation by the International Fund for Agricultural Development (IFAD)
Independent Office of Evaluation found increases in agricultural production, food access, and market
development, which, in turn, were associated with a 30 percent reduction in child malnutrition in the
target zone (Chakrabarti 2019).

Financial interventions, including the FAO Cash + program, showed demonstrable benefits for acute
malnutrition among children aged 6-59 months in Mauritania. Acute malnutrition decreased from 6
percent to 2 percent among participants (FAO 2018).

3.4 Climate Mitigation Interventions Influencing Nutrition and
Their Magnitude of Impact

This section reviews the evidence of implemented interventions identified in the peer-reviewed and gray
literature related to climate change mitigation approaches for four nutrition outcomes (food security,
micronutrient deficiency, diet diversity, and undernutrition).

Summary and Overview

The grey literature reviewed contains more examples of climate mitigation approaches for improving
nutrition outcomes, compared with peer-reviewed literature. However, mitigation approaches are still less
numerous than adaptation approaches in LMICs. Like the literature on adaptation, examples in health and
care sectors were fewers than in the food sector. .

The impact of climate mitigation approaches and interventions is difficult to establish, given that little-to-no-
information was provided on indicators representing the expected and measured outcomes (i.e., only a
description of intervention). To date, an effort has not been made to evaluate the impact mitigation activities
may hav eon undernutrition, nor to design research to identify and assess causal pathways.

Many mitigation approaches focused on mitigating risk from climate-related impacts (e.g., reinforcing
infrastructure) rather than decreasing carbon emissions (i.e. reforestation);. However, opportunity exists for
climate change co-benefits to be further realized in both implemented mitigation and adaptation practices.

3.4.1 Food Security and Nutrition

Examples of implemented mitigation interventions for food security were often listed as one of many
activities in a multiyear intervention and did not necessarily directly link to nutrition outcomes. Some
well-known climate mitigation practices (i.e., renewable energy, land conservation, “climate-smart
agriculture,” and “climate-resilient practices”) for reducing GHG emissions appeared, although it was
not clear that these activities were included to mitigate climate change effects.
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Very few interventions explicitly focused on improving food and/or nutrition security as a climate
mitigation effort. Several documents included land rehabilitation and reforestation practices as part of
interventions to improve nutrition outcomes; however, the exact impacts on nutrition were rarely
discussed (e.g., Chakrabarti 2019). In Chad, Niger, Cabo Verde, and Mauritania, lower food insecurity?
was found (without data) among participants of projects applying climate-resilient agricultural practices,
environmental education, and watershed restoration practices; in Mauritania, improved forage
production, soil conservation, and land rehabilitation were also linked to lowering food insecurity
(Chakrabarti 2019). These case studies reported that participants had improved food security and
diverse diets (Chakrabarti 2019).

Less common approaches included interventions where participants were directly involved in mitigating
risk to climate change and mitigating GHG emissions. An intervention in Colombia reported improved
household food security, when the program, through an assessment of climate risk areas, determined to
adopt climate-smart agricultural practices that enhanced soil health and decreased biodiversity loss and
desertification (IFAD 2016).

3.4.2 Micronutrient Deficiency

Mitigation approaches were rarely linked to interventions addressing micronutrient deficiency in the
gray literature, and such references were usually indirect. In Chad, an intervention that included land
rehabilitation activities and improved access to agroclimatic information also focused on improving
knowledge in good child feeding practices and micronutrient deficiency (Chakrabarti 2019). An
intervention promoting the production of OFSP reduced use of chemical inputs (and thus GHG
emissions) while improving participants’ knowledge of the importance of vitamins A, B, and C (Abidin et
al. 2013).

3.4.3 Diet Diversity

Most references to climate mitigation interventions used the term to mean mitigating risk rather than
reducing carbon emissions. One example, in Mauritania, found participants had more diversified diets
after an intervention that included forage production and sustainable land management practices, with
potential mitigation benefits (Chakrabarti 2019).

3.4.4 Undernutrition, Stunting, and Wasting

In Bolivia, climate change mitigation-related activities, such as carbon sequestration through rehabilitated
forest areas, sustainable management of ecosystems through competitive funding, and inclusion of
traditional ecological knowledge, were associated with 30 percent reduction of undernutrition (i.e.,
stunting and wasting) (Chakrabarti 2019). An intervention program focused on reducing undernutrition
in Djibouti included 100 square km of mangrove restoration. Activities also included actions for natural
resources management and protection of marine ecosystems to enhance fish stocks (Chakrabarti 2017).

3.5 Adjusting Nutrition Programming to Address Climate Change
Challenges

The evidence presented in this report was sometimes accompanied by reflections about how findings
can inform adjustments of nutrition programming to address climate change challenges. Such reflections
were more common in the peer-reviewed literature, which usually includes extensive discussion
sections, but less common in brief gray literature evidence. Here the authors also provide their
perspectives, in combination with the documented evidence, about potential strategies for adjusting
nutrition programming to respond to climate change.

7 The document did not include the measurement for "food security."
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Nutrition programming in response to climate change must be specific to a potential climate change
impact. While there appears to be an increasing number of implemented interventions to address
climate change, they are still rare, and often vague. Effective nutrition programming in response to
climate change could employ the following strategies, based on the evidence reviewed and the
integrated perspective of the authors:

Be Specific. Identify specific climate change impacts to be addressed through the program,
based on a historical review of climate-related threats and shocks, and the specific nutrition
outcomes of interest to (measurably) protect or improve. Moreover, consider the geographic
and biophysical context, which will influence the degree of exposure and sensitivity to different
shocks and stressors, as well as the current capacities of the community and vulnerable groups.

Map the Pathways of Impact. Use existing conceptual frameworks (e.g., Bush et al. 2022,
Myers et al. 2017, Salm et al. 2021) to map the potential climate impact onto the mechanisms
that will influence the nutrition outcomes of focus, which was shown to be effective in OFSP
interventions in SSA (Girard et al. 2021). Understanding the pathways of impact, which could be
facilitated through modeling, will support more specific programmatic planning, design, and
responses. Explicitly consider the care and health services sector pathways, which are
understudied (Salm et al. 2021).

Consider Multiple Pathways. While a diversity of interventions have been identified, many
focus on the food system pathway of influence, while other pathways may be less evident and
require different interventions. This finding is consistent with Salm et al. (2021), who identified
in their equity analysis that the primary pathway of impact typically identified is from direct
effects on agriculture to food insecurity to reduced dietary intake and undernutrition. However,
other pathways are also critical. For example, Xu et al. (2019) identifies that heat increases will
not only influence food security via reduced food availability, but also impair digestion and
absorption functions in people, affecting fluid and electrolyte disturbances. Nutrition
programming to respond to food availability versus human physiological impacts from climate
change require different interventions.

Identify the Time Horizon. Tirado et al. (2022) highlight the need to identify programs as
urgent, short-term, or long-term in their approach to appropriately allocate funding and set
expectations. However, the authors also suggest using these time horizons to assess the
potential negative or unforeseen impact of programmatic changes on other food, care, and
health areas. For example, food aid packages in Vanuatu following cyclones included mainly
highly processed foods (e.g., white rice, biscuits, sugar, flour, noodles), which influenced the
long-term dietary patterns of residents, including, in some cases, abandoning the cultivation of
certain crops (yams) and tending to vegetable gardens (Savage et al. 2021).

Recognize Co-Benefits. These findings identify more existing evidence for adaptation (vs.
mitigation) interventions to maintain or improve nutrition outcomes in the face of climate
change. Furthermore, many “mitigation” strategies implemented described mitigating risk,
rather than reducing or sequestering GHG emissions. However, in many cases, adaptation
strategies (e.g.. agroforestry, aquaculture that could promote dietary shifts) may have mitigation
potential, but these were not recognized in the literature. Similarly, mitigation strategies such as
land reclamation or reforestation may also have adaptation benefits (e.g., improved WASH and
nutrition outcomes), that were not discussed. ldentifying and explicitly recognizing both
potential adaptation and mitigation co-benefits of interventions will enable greater understanding
of the holistic climate change approaches implemented.

Incorporate Social and Cultural Factors. Much of the existing literature has focused on
“hard” adaptation measures, such as infrastructure and technology, but “soft” measures,
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including community engagement and awareness, are also important. As climate change
mitigation and adaptation strategies are increasingly necessary for nutrition programming,
recognizing and incorporating social and cultural factors in the design and implementation of
program changes merits attention.

Overall, this review highlights the dearth of evidence for mitigation approaches to addressing nutrition
outcomes, especially in LMICs. Further programming could more explicitly couple adaptation and
mitigation through approaches that include ecosystem services recognition (e.g., the multiple services
provided by ecosystems for human well-being) (EPA 2022). Examining a potential intervention or
program through an ecosystem services approach would identify the multiple benefits or potential
impacts of a strategy for both ecological and human health, including climate change co-benefits, amongst
others. More recently, such approaches are leading to “nature-based solutions,” whereby ecological or
conservation strategies offer synergistic or beneficial human well-being outcomes (World Bank 2022).
These approaches are more common in the health and climate sector, and have the greatest cost-
effective mitigation potential in forests, wetlands, and grasslands (Reise et al. 2022), so large forested
countries stand to benefit the most from their implementation (Roe et al. 2021). While they have been
less considered in food and nutrition systems, agroforestry offers a relevant potential approach that
would not displace agricultural land and adversely affect food security (Kuyah et al. 2019, Seddon 2022).

Other evidence in this review highlighted the need for nutrition programming to expand further into the
health and care systems, moving beyond agricultural or technological approaches to adaptation. This
includes the need for increasing training and education for health care workers, as well as additional
investments in health care facilities to be able to respond to acute and long-term climate change-induced
nutrition needs. For example, one study from Zimbabwe documented the need to increase the quantity
of basic supplies (e.g., mineral vitamin mix, resomal, micronutrient powder, and supplementary food
stocks) available at health care facilities in LMICs to enhance the capacity of facilities to respond to
climate change-induced drought nutrition impacts (Sithole et al. 2021).

Finally, several articles highlighted the need to increase programming for “soft measures” of climate
adaptation, since most of the interventions have resulted in “hard measures” such as rebuilding
infrastructure (Pacillo et al. 2022). In particular, Pacillo et al. (2022), a study focused in Vietnam,
identifies community awareness raising as critical to build climate readiness and preparedness at the
household and community level. They advocate for both financial and non-financial resources to support
these activities, especially for those most vulnerable to climate impacts. Savage et al. (2021) also identify
a need to focus on social and cultural issues (Savage et al. 2021), including how climate change impacts
and responses shift cultural traditions, including the erosion of local food-related practices and
traditional knowledge. In this study, focused in Vanuatu, many stopped gardening following a cyclone and
drought because of coping responses that led to greater reliance on imported, store-bought foods, as
well as diminished food agency of local people who relied on food aid, both of which has driven a dietary
transition. As such, Savage et al. (2021) suggest that the crucial question for planning for climate change
adaptation in food and nutrition security is, “how can communities and individuals be empowered to
exercise agency in their food and health choices in the face of a changing climate and the nutrition
transition?” They advocate that climate change adaptation should be about adjusting both to climate and
social change, and that structural vulnerabilities and social and cultural impacts as a result of adaptation
must be addressed.

3.6 Program Design and Implementation of Climate Change
Interventions to Improve Nutrition Outcomes

Most, if not all, the literature reviewed documented expected or actual effects of climate change on
health and nutrition. However, evidence is inadequate to inform robust, measurable program design and
implementation. This is especially true of implemented interventions in the health and care sectors, as
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most of the existing evidence is from food system interventions. USAID could play a major role in
closing this information gap and building the evidence base on effective interventions. In addition, among
the resources reviewed, successful implementation of effective interventions (e.g., OFSP) highlights the
importance of multi-sectoral collaborative approaches and of ensuring that local partners and
governments are compensated for their time and contributions (Girard et al. 2021):

I. Study design tradeoffs and mixed methods. Existing evidence is derived mostly from less
rigorous designs, making determining which strategy or combination of strategies can influence
nutrition outcomes while adapting to or mitigating the effects of climate change difficult. RCTs,
the gold standard for evidence generation and estimating the magnitude of impact, have
limitations (Carey et al. 2015) especially in LMICs, including cost and the longer time frame
required for design, preparation, and exposure (Evans et al. 2023, Osrin et al. 2009). While the
qualitative studies reviewed provided rich contextual insights (e.g., Apuri et al. 2018, Ghosh et
al. 2021, Papworth et al. 2022), such data are not always representative or transferable.

2. Measure and revisit. Across studies, different measurements were used to assess the same
nutrition outcome, especially in food and nutrition (in)security, indicating a lack of consensus on
specific metrics, and/or whether those used most widely are relevant for climate change.
Including operations research as well as regular assessments, for example, through tools such as
strengths, weaknesses, opportunities, threats (SWOT) analyses (TAMU 2023), can inform higher
quality and more effective implementation (Girard et al. 2021).

3. Expand the evidence base. Most of the evidence base in this report is from interventions
modeled, proposed, or implemented in a single country or region. USAID’s geographic and
programmatic reach presents an opportunity for cross-country research to assess different
strategies’ effectiveness while adapting approaches to unique cultural climatic and environmental
conditions.

4. Incorporate equity and justice. Include a guiding framework (e.g., Salm et al. 2021) that
encompasses equity, justice, and inclusion, and identifies local policies and social norms that may
exacerbate disparities by gender, economic background, age, and other dimensions. Such
frameworks should be applied to local contexts for identifying the groups most vulnerable to
adverse nutrition outcomes from climate change. Consistent with USAID’s recent commitment
to localization, local partners and participants in the decision-making process will be essential to
interventions’ success (Girard et al. 2021). Interventions could also benefit from resources that
provide clarity in concepts, definitions, strategies, and other elements to better comprehend
gender and equity disparities and ways of addressing them, such as the Gender and Inclusion
Toolbox: Participatory Research in Climate Change and Agriculture (Jost et al. 2014; Cramer et
al. 2017).

4. Discussion and Additional Considerations

This evidence review confirms what other studies have recently concluded related to climate change and
health research: evidence is scant on how interventions designed for communities coping with climate
disruptions can protect against negative impacts on human nutritional status and through which
pathways (Berrang-Ford et al. 2021). This gap could be addressed by USAID and other implementing
partners and agencies by establishing evaluation designs to untangle which activities protect nutrition.

4.1 Additional Research Needs

Like other recent reviews of climate change adaptations (Berrang-Ford et al. 2021), most of the
evidence comes from certain geographical areas (i.e., SSA). Additional research with more rigorous
design and more timely documentation and dissemination of results is needed globally. More research is
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also needed to reduce the negative impacts of drought and flooding and protect nutrition in the face of
increasing temperature and heat, extreme events, and weather variability, all three of which have been
least studied. In the evidence base, adaptation interventions were significantly more common in the
literature on LMICs than mitigation interventions. Interventions that included mitigation largely focused
on mitigating climate impacts (i.e. risk reduction) and not mitigating greenhouse gas emissions. However,
mitigation approaches tended to focus on sustainable natural resources management and conservation,
which also allow adaptation benefits. Furthermore, more research is needed especially to identify
effective health system interventions that protect nutrition in the face of climate change. Finally,
prioritizing racial, gender, ethnic, and economic equity in the research agenda is important.

4.2 Limitations

While this evidence review followed a systematic process for both the peer-reviewed and gray
literature, there are study limitations. First, the evidence available is inherently biased, as what is
published depends on the location of researchers, resources, and the stories told in particular
communication venues (Levy et al. 2016). What is presented here most certainly does not represent the
full body of evidence on interventions implemented. A relevant example of this is the existing evidence
reviewed on OFSP, which has been extensively written about but is not a silver bullet for addressing
nutrition outcomes during climate change. Furthermore, some search engines and websites for
consideration in the gray literature search were not fully functioning, which means this review may not
include all possible interventions implemented and documented. Moreover, challenges occurred in
accessing some websites (e.g., pages not running properly). Thus, this review may be missing other
relevant documents that fit the inclusion criteria.

5. Conclusion

Climate change shocks and stressors affecting food, care, and health systems can impact nutrition
outcomes, particularly in LMIC contexts where climate change vulnerability is increasing. Nutrition
interventions that include climate adaptation and mitigation approaches can aid in addressing such
impacts by reducing vulnerability and improving resilience. This report reviewed existing evidence to
assess interventions in response climate change effects and their relative magnitude of impact for
improving or maintaining nutrition outcomes. Overall, the review found a limited number of robust
implemented interventions, with limited evidence. These observed shortcomings provide ample
opportunity for programmatic design and implementation planning to increase the rigor of interventions
and the availability of their evidence. The integration of these findings with the next phase of this activity,
incorporating information from the Klls conducted with USAID Mission staff and implementing partners
in four countries, will provide a more comprehensive roadmap for USAID to consider in addressing
climate change effects in food, care, and health systems.
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Annex |. Search Terms and Process for
Peer-Reviewed Evidence

Table A.l shows the search strategy terms and syntax for the systematic literature review (using
Boolean search terms). It is based on the framework (figure 1) and includes searches using one term
from each of the five key areas (climate change, climate impacts, resilience, interventions, and nutrition).
While not all climate terms or responses to climate factors are necessarily climate change related, we
assume the two to be interrelated for these purposes. Furthermore, the boundaries of this review
include responses and nutrition outcomes (malnutrition, diet diversity, and undernutrition) done or
proposed in response to climate change as indicated by the search terms, rather than a general search of
all development interventions that could be done to improve these specific nutrition outcomes.

Table Al: Search Strategy Syntax

Terms Syntax

Climate Change Terms | “greenhouse gas” OR “climate impact” OR “climate shock” OR
“climate vulnerability” OR “climate stress” OR “climate change”

AND
Climate Shocks and drought OR cyclone OR hurricane™ OR temperature* OR heat*
Stressors Terms OR “heat stress” OR “extreme weather event” OR “extreme

weather” OR “precipitation” OR “precipitation change” OR
“rainfall” OR flood* OR “water availability” OR water OR pathogen

AND

Intervention Terms intervention OR program OR “policy intervention*” OR “program
intervention*” OR “intervention mechanism*” OR “food system*”
OR “care system*” OR “health system*” OR fortif* OR dietary OR
“dietary supplementation” OR supplementation OR “maternal
health” OR feeding OR breastfeed* OR “food security” OR
“nutrition security” OR “water and sanitation” OR WASH OR
strateg®* OR implement* OR tailor*

Resilience Terms resilience* OR capacity OR vulnerab* OR adaptation OR mitigation

OR coping OR sustainab® OR equit*
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Nutrition Outcome nutrition OR “nutrition-specific” OR “nutrition-sensitive” OR
Terms micronutrient OR “micronutrient deficiency” OR “diet diversi*”
OR undernutrition OR stunt* OR nutrient OR “nutrient content”
OR “diet quality” OR “nutrition quality” OR “nutrient density” OR
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Annex 3. Search Terms for Grey Literature

Evidence

Table A2 shows the search protocols used in each targeted website. Websites’ search engines were not
able to input the search term combinations used for the systematic literature review (Table Al). A
scoping strategy was therefore used to search each site, according to the established parameters,
informed by this report’s conceptual framework.

Table A2. Gray Literature

Website

Upcoming Plans

Biodiversity International

|. Page was accessed.

2. The research tab was opened
(https://alliancebioversityciat.org/alliance-accelerated-change-
preserve-and-protect-our-environment).

3. “Publications and data” was selected
(https://alliancebioversityciat.org/publications-data).

a. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet diversity”)
coupled with (1) “intervention” was included.

b. The publication types assessed were brief, journal article,
report, report/factsheet, internal document, scientific
publication (only for cross reference), and working paper.
(See section 2.1 and table A.l for inclusion and exclusion
criteria.)

c. Publications considered were from 2010 to 2022.

d. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

e. Approval to include in evidence spreadsheet followed
screening of the full text.

¢

CGIAR Research Program on
Climate Change, Agriculture
and Food Security?

I. CCAFS official web page was not working. An alternative was
accessed: CGSpace (CGIAR repository).
2. CCAFS repository was opened
(https://cgspace.cgiar.org/handle/10568/3530).
3. Each of the following collections was accessed:

a. CCAFS Briefs

b. CCAFS Outcome Cases

c. CCAFS Project Reports

d. CCAFS Social Learning Case Studies

e. CCAFS Working Papers.
4. In the search box of each collection, a nutrition-related term
(“nutrition,” “undernutrition,” “stunting,” “wasting,” or “diet

¢ ¢,
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Website

Upcoming Plans

diversity”) was included, coupled with (1) “intervention” and (2)

“climate.”

a. If the collection consisted of fewer than 200 documents, all
were screened.

b. Publications considered were from 2010 to 2022.

c. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

d. Approval to include in the evidence spreadsheet followed

screening of the full text.

Feed the Future

|. Page was accessed.
2. The resources tab was opened
(https://www.feedthefuture.gov/resources/).

3. The “filter resources by” section of the “browse all resources”
area was used to conduct the search.

a.

The publication types assessed were “strategy/plan,” “fact
sheet,” and “report/study”. Each type was screened
separately. Given that none overpassed 100 documents, all
documents were screened, and no search terms were
included—the website also does not give the option to
search by terms.

Publications considered were from 2010 to 2022.
Selection for reviewing full text proceeded after screening
the title and abstract/description to include terms related
to nutrition outcomes, interventions, and climate change’s
impacts. For strategy/plan documents, the date criteria
were considered when there were two plans for X
country. For example, if there were two reports (X year,
Y year) for a determined country, only the latest year was
screened. In the case of reports/studies, the latest
document was assessed. For example, if there was an
interim report for X country in 2016, and a full report of
that country in 2017, the latter was assessed.

Approval to include in the evidence spreadsheet followed
screening of the full text.

4. The latest progress report (Feed the Future Progress Report 2016)
available on the website was also screened
(https://www feedthefuture.gov/resource/feed-the-future-progress-

report-2016/). The same with the latest Progress Snapshot (2022)
available on the website
(https://www.feedthefuture.gsov/resource/2022-feed-the-future-

progress-snapshot/).

FAO UN

|. Page was accessed.
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2. The publications tab was opened
(https://www.fao.org/publications/en/).

a. The FAO 2022 publications catalog was accessed
(https://www.fao.org/documents/card/en/c/cc2323en). The
agriculture, climate change, and nutrition sections were
screened (titles and descriptions) for publications that
aligned with the scope of this work.

b. The FAO Investment Centre website was accessed
(https://www.fao.org/support-to-investment/en/). (See 3-5
for the selection and review process)

i. The publications tab was accessed
(https://www .fao.org/support-to-
investment/publications/en/). The following
terms were searched: nutrition (10),
intervention (0), undernutrition (0),
climate change (13), stunting (0), wasting
(0), nutrition outcome (0), drought (2),
heat (7), extreme event (0), extreme
weather event (0), cyclone (0), health (8),
maternal health (0), maternal (0), child (0),
temperature (0), climate variability (1).

c. All of the publications (“feature publications”) that
appeared in the publications area were screened according
to the primary objectives of the literature review.
Documents on the same topic (i.e., X country overview)
were selected based on the latest publication.

3. The publication types assessed were brief, report, and
report/factsheet published 2010-2022.

4.Selection for text screening proceeded after screening the title
and abstract/description to include terms related to nutrition
outcomes, interventions, and climate change’s impacts.

5. Approval to include in the evidence spreadsheet followed
screening of the full text.

IDEALs FSN Network

I. The Resource Library tab was opened

(https://www.fsnnetwork.org/resource).

2. Given that all documents compiled (evaluations and research,

case studies, technical guidance [reports], and policy briefs)

exceeded 600 items, a search with relevant items was carried out.

a. The search engine was limited. The following combinations

were therefore used to limit the search to the search
strategy’s criteria: “nutrition and intervention,” “nutrition
and climate change,” dietary diversity,” “stunting,”
“wasting,” “undernutrition,” and “malnutrition.”

3. The publication types assessed were evaluations and research,

case studies, and policy briefs, published 2010-2022.

Evidence Review Report | 29



https://www.fao.org/documents/card/en/c/cc2323en
https://www.fao.org/support-to-investment/en/
https://www.fsnnetwork.org/resource

Website

Upcoming Plans

4. Selection for text review proceeded after screening the title and
abstract/description to include terms related to nutrition
outcomes, interventions, and climate change’s impacts, adaptation,
and mitigation.

5. Approval to include in the evidence spreadsheet followed
reviewing the full text.

IFPRI |. Page was accessed.
2. The “Publications and Tools” tab was opened
(https://www.ifpri.org/publications/search).

a. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet diversity”)
coupled with (I) “intervention” was included.

b. The publication types assessed were briefs, discussion
papers, and reports (see search strategy for inclusion and
exclusion criteria).

c. Publications considered were from 2010 to 2022.

d. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

e. Approval to include in the evidence spreadsheet followed
screening of the full text.

IFAD |. Page was accessed (https://www.ifad.org/en/).

2. The “Knowledge” tab was accessed
(https://www.ifad.org/en/web/knowledge/publications).

a. Three section publications were accessed: “in brief,”
“research (reports),” and “factsheets.”

b. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet diversity”)
coupled with (I) “intervention” and “climate change” was
included.

c. Publications considered were from 2010 to 2022, in
English.

d. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

e. e.Approval to include in the evidence spreadsheet
followed screening of the full text.

€

USAID Advancing Nutrition

|. Page was accessed (https://www.advancingnutrition.org/).
2. The “Resources” tab was accessed
(https://www.advancingnutrition.org/resources).
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a. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet diversity”)
coupled with (1) “intervention” and “climate change,” was
included. Lone terms were not used because some
surpassed 600 entries.

b. Publications considered were from 2010 to 2022, in
English. See search criteria for types of publications
considered.

c. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

d. Approval to include in the evidence spreadsheet followed
a screening of the full text.

3. The “Multi-Sectoral Nutrition Resource Review” tab was
accessed, and then the “Archive” section was accessed
(https://www.advancingnutrition.org/resources/resource-review/archive).

a. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet diversity”)
coupled with (1) “intervention” and “climate change,” was
included.

b. Publications considered were from 2010 to 2022, in
English. “Reports and tools” publications were considered.

c. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

d. Approval to include in the evidence spreadsheet followed
screening of the full text.

LTS

”

USAID Bureau for
Humanitarian Assistance
(BHA) (including BHA
Resilience Food Security
Activity (RFSA))

|. Page was accessed (https://www.usaid.gov/humanitarian-
assistance).

2. The “Policies and Reports” tab was accessed
(https://www.usaid.gov/humanitarian-assistance/policies-and-
reports).

a. The BHA FY 2021 Annual Report was accessed
(https://www.usaid.gov/humanitarian-assistance/policies-
and-reports/bha-annual-report).

i. Nutrition-related terms (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or
“diet diversity”), as well as “intervention”
and climate change terms (see table A.I)
were searched within the document..

b. Publications considered were from 2010 to 2022, in
English. See section 2.1 for types of publications
considered.

”
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review/archive).

c. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

d. Approval to include in the evidence spreadsheet followed
screening of the full text.

3. The “Multi-Sectoral Nutrition Resource Review” tab was
accessed, and then the “Archive” section was accessed
(https://www.advancingnutrition.org/resources/resource-

a. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet
diversity”), coupled with (1) “intervention” and “climate
change,” was included.

b. Publications considered were from 2010 to 2022, in
English. “Reports and tools” publications were considered.

c. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

d. Approval to include in the evidence spreadsheet followed
screening of the full text.

€,

USAID Climate Links

|. Page was accessed (https://www.climatelinks.org/).
2. The “Resources Library” tab for all resources was accessed
(https://www.climatelinks.org/resources).

a. In the search box, a nutrition-related term (“nutrition,”
“undernutrition,” “stunting,” “wasting,” or “diet
diversity”), coupled with (1) “intervention” and “climate
change,” was included.

b. Publications considered were from 2010 to 2022, in
English. See search criteria for types of publications
considered.

c. Selection for text screening proceeded after screening the
title and abstract/description to include terms related to
nutrition outcomes, interventions, and climate change’s
impacts.

d. d. Approval to include in the evidence spreadsheet
followed screening of the full text.

LTS

USAID Country
Development Cooperation
Strategies

|. Page was accessed (https://www.usaid.gov/results-and-
data/planning/country-strategies-cdcs).

2. Each country profile description was screened to determine
whether it fit the search strategy and conceptual framework.
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Website Upcoming Plans

USAID Environment, Energy, |. Page was accessed (https://www.usaid.gov/environment-energy-
and Infrastructure infrastructure).

2. The “Climate Change” section under “Sector Overview” was
considered for evaluation. Each of the following tabs related to the
search strategy and project objectives was accessed: “Climate
Strategy,” “Adaptation,” “Natural Climate Solutions,” and
“Country Profiles.”

a. “Climate Strategy” tab: The USAID Climate Strategy 2022—
2030 document was accessed. Contents were searched to
find proposed or implemented adaptation or mitigation
interventions in relation to nutrition outcomes.

b. “Adaptation tab”: Three fact sheets available were
accessed. Contents were searched to find proposed or
implemented adaptation or mitigation interventions in
relation to nutrition outcomes.

c. “Natural Climate Solutions” tab: Documents pertaining to
the 9 programs outlines were accessed on each website.
Contents were searched to find proposed or implemented
adaptation or mitigation interventions in relation to
nutrition outcomes. These were then discarded because
they did not focus on nutrition outcomes.

d. “Country Profiles” tab: Each profile description was
screened for the following terms: “food security,”
“nutrition security,” “malnutrition,” “nutrition,” “stunting,’
“wasting,” and “undernutrition,” in relation to climate
change terms (see table A.l). Profile descriptions that
contained inclusion terms were selected for revision.

¢ ¢ ’
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Figure A2. Gray Literature Search Diagram Based on the PRISMA Protocol
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Screening

Documents from targeted websites (n = 2,998)
Biodiversity International (n = 607)
CCAFS CGIAR (1,578)
Feed the Future (n = 127)
FAO UN (n = 378)
IDEALs FSN Network (n = 133)
International Food Policy Research Institute (n = 261)
International Fund for Agricultural Development (n = 470)
USAID Advancing Nutrition multi-sector nutrition resource review (n = 541)
USAID BHA (including BHA RFSA weblink) (n = 41)
USAID Climate Links (n = 298)
USAID Country Development Cooperation Strategies (n = 67)
USAID Environment, Energy, and Infrastructure (n = 34)
USAID Mutrition for Growth (n = 0)

References from other sources (n = 2)
- USAID Nutrition and Resilience:
Discussion Brief on Better Integration of
Nutrition into Resilience-Strengthening
Programs
- USAID Resilience, Evaluation, Analysis
and Learning Report

A4

Documents screened (n = 2,998) }—p‘ Documents excluded (n = 2,701)

.

Documents assessed for eligibility (n = 297) | Documents excluded (n = 268)
Exclusions were based on the following: not

section).

including climate change adaptation or
mitigation approach, not including nutrition
outcomes, not relating intervention to
climate change (see search strategy and
limitation for more information on this

Documents included in the review (n = 29)

(It is important to note that two of those documents included a set of case studies that each was considered separately. Thus, the final

n for included documents in the review is 38)
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Annex 4. Evidence from Modeled
Interventions ldentified in the Review

Food Security and Nutrition

Across a suite of modeled studies, multiple factors were associated with food/nutrition security. Climate
shocks and stressors can influence both agricultural strategies and dietary strategies among smallholder
farmers, according to a qualitative study of 32 male farmers in Burkina Faso (Sorgho et al. 2020).
Infrastructure, including access to electricity (Mainardi 2021), was associated with greater ability to
respond to climate change, which was associated with lower food insecurity, in a study of 50 farm
households across 20 districts in Ethiopia. Expanded irrigation scenarios and investment in agricultural
research modeled globally resulted in 7—40 percent higher per capita calorie availability in “developing
countries” (the term used in the article) by 2050. This were expected to lead to 60 percent fewer
malnourished children by 2050 in a large-scale modeling study across the Arab region using scenarios
and the International Model for Policy Analysis of Agricultural Commodities and Trade (IMPACT model)
(Sulser et al. 2011).

Many social and demographic factors were associated with food security and nutrition outcomes
modeled under climate change scenarios. Households with older household heads were more likely to
be flooded, and flooding exposure decreased calorie consumption by 60kcal, as well as decreased iron,
vitamin A, and vitamin C deficiency by I, 12, and 27 percent, respectively. Flooding was also associated
with lower diet quality in a study in Afghanistan using national survey data (population size not identified)
(Oskorouchi and Sousa-Poza 2021). Women were modeled to be most vulnerable to food insecurity
resulting from climate changes due to institutional barriers to access credit and property rights in a 50
smallholder farmer household survey study in Ethiopia (Mainardi 2021). Larger households, in the
context of variable rainfall, were associated with greater food security in a multiyear panel modeling
study in Ethiopia across 450 to 1,477 rural households (Demeke et al. 201 1), while access to education
and extension services were positively associated with food security during drought among pastoralists
in Pakistan (Ahmad and Afzal 2021) using data from 768 pastoralist households and mixed method
surveys, focus groups, and regression models.

Implementation of agricultural management or animal ownership was associated with greater food
security in several modeled studies. Adoption of conservation practices, veterinary access, pasture
regeneration, and growing fruit trees was positively associated with food security among pastoralists in
Pakistan (Ahmad and Afzal 2021). Livestock ownership was also associated with better food security
outcomes in variable rainfall changes (Demeke et al. 2011), while agricultural inputs and fertilizer were
associated with reduced food insecurity in households experiencing wetter than average rainfall years,
and drier than average year households (for fertilizer only) in a study using survey data of 1,955
households from 14 LMICs coupled with 30 years of historical rainfall data (Niles and Brown 2017).

Multiple studies indicate financial factors associated with reduced food insecurity during climate change
events and impacts, including among households with access to credit (Ahmad and Afzal 2021), local
savings groups (Demeke et al. 201 1), financial services for drier than average households (Niles and
Brown 2017), and that participate in unconditional cash transfer programs (Lawlor et al. 2017). For the
latter, cash transfer programs increased food expenditures during a climate shock, and reduced the
probability of being severely food insecure by 22 to 23 percentage points among those shocked by
climatic events, using data from 4,817 households in three rural areas of Zambia, with 2,404 receiving
the cash transfer and 2,413 in a control group (Lawlor et al. 2017).

Further and related evidence suggests that women are most vulnerable to climate-induced food
insecurity due to institutional barriers to access credit and property rights (Mainardi 2020). Lower-
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income households, as well as rural households, and people living in valleys and hills, are vulnerable to
climate shocks and stresses. These include flooding, which decreases household calorie consumption,
and is associated with lower diet quality and decreased iron, vitamin A, and vitamin C (Oskorouchi and
Sousa-Poza 2020). Other studies identify characteristics of households that also increase vulnerability to
food insecurity during climate-related shocks and stressors. These include lower food insecurity among
agricultural laborers and farmers than nonagricultural workers, which is largely driven by lack of land
access, as shown in a cross-sectional study of 3,840 household surveys from a national data set using
agent-based models in Malawi (Dobbie et al. 2018).

Diet Diversity

Modeled interventions exploring diet diversity outcomes demonstrated that climate-related shocks and
stressors can influence diet diversity. These include through La Nina events, which result in a shift
toward starches in the diet, as shown by a longitudinal study of 252 mother-child dyads using 24-hour
dietary recall and panel regression models (Ambikapathi et al. 2021). In this study (based in the Peru and
Amazon basin), girls had a higher diet diversity than boys, but households with girls also had 16 percent
higher consumption of donated foods. Similarly, Niles et al. (2021) found that children five and under in
male-headed households were associated with lower diet diversity in a modeling study that used USAID
Demographic and Health Surveys Program (DHS) data from over 107,000 children in 19 LMICs, coupled
with 30 years of temperature and rainfall data explicit to the household location. In the same study, the
following factors were also associated with higher diet diversity among children five and younger: older
children, improved toilets, higher education of the household head, and higher than average precipitation
in the year before the survey data collection. Reductions in diet diversity were associated with higher
livestock density, higher than average long-term temperatures, higher than average temperature
anomalies in the year before survey data collection, and greater distance to urban centers and roads
(Niles et al. 2021).

Undernutrition

This evidence review identified many peer-reviewed articles modeling the association of numerous
factors with undernutrition outcomes. These studies also affirmed associations between climate stresses
and shocks and undernutrition outcomes, including stunting and wasting. Cooper et al. (2019) identified
greater mean precipitation mitigated drought’s effect on stunting in a modeling study coupling DHS with
climatic data across more than 50 LMICs, while higher monthly maximum temperatures worsened it.
Other studies, including Khan et al. (2022), which used DHS and climate data in their models with
19,896 child observations, confirm these findings, with temperature having an inverse relationship to
stunting and rainfall having nonlinear associations with stunting; both too little and too much were
associated with higher levels of stunting in Bangladesh. Yeboah et al. (2022), using household survey data
from 12,919 children in Burkina Faso coupled with rainfall data and modeling, identified similar patterns
where rainfall below 75mm monthly average tended to produce poor nutritional outcomes, but that
rainfall’s relationship to undernutrition was also nonlinear in Burkina Faso. Higher temperatures were
modeled to demonstrate that every | degree C increase in daily mean temperature was associated with
a 2.5 percent increase in hospitalizations for undernutrition in the preceding 0—7 days (which was
greatest for individuals aged 80 years or older, and children I8 and under) in Brazil, where Xu et al.
(2019) used data from [,814 cities and 238,320 hospitalizations in a time-stratified case-crossover
design. Climate shocks including floods were associated with greater odds of stunted children in a cross-
sectional study with regression models built on retrospective data from 757 flooded and 816 non-
flooded households in India. Stunted children were 1.6 times greater odds in flooded households than
non-flooded households, and underweight was |.86 greater odds in flooded village households
compared with non-flooded village households (Rodriguez-Llanes 201 I).

Pacillo et al. (2022) went further to model that climate variability mediates the factors that predict
stunting in Vietnam, using a whole population predictive model with national data sources and open-
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source earth observations data. This included that in areas of high climate variability, stunting can be
significantly predicted based on economic activities, minority ethnicity, education, health of mothers, and
the level of readiness and preparedness to climate impacts of villages and communities. Conversely, in
areas of low climate variability, stunting is mostly predictable based on the ability of households to
access essential services (such as education, health) and communal resources (water, storage, etc.)
(Pacillo et al. 2022). As a result, Pacillo et al. (2022) recommend that in areas of low climate variability,
monitoring nutrition insecurities and climate resilience capacities of households and communities should
be focused on mountainous areas, where access to essential services and communal resources is lower.
In areas with higher climate variability, monitoring climate resilience capacities of households and
communities should be carried out on a selection of sociodemographic factors and less on location-
specific drivers. Relatedly, Khan et al. (2022) using DHS and climate data, identified environmental
characteristics of regions with higher association of stunting during rainfall and temperature anomalies,
including distance to protected areas, vegetation index (both nonlinear), and greater distance to water
bodies positively associated with stunting. As a result, Khan et al. concluded that “these characteristics
should be taken into account during intervention design to minimize the negative effects of
environmental change on child health” (Khan et al. 2022).

In addition to the environmental characteristics of regions, many studies modeled the relationship of
household or individual characteristics on undernutrition outcomes during climate shocks and stressors.
Education, including both lower maternal education (Bahru et al. 2019, 2,000 child observations across
four rounds of cohort data in Ethiopia, and Dimitrova 2021, 21,551 child observations from three
rounds of DHS data in Ethiopia), and lower paternal education (Rodriguez-Llanes et al. 2016, 684
communities, 299 flooded, 385 non-flooded using two-stage population-based survey of children,
anthropometric measurements, and interviews) were associated with higher prevalence of child stunting
and wasting. Younger children were found to be more susceptible to stunting in Mali using DHS data
from 14,238 children under 5 and climate data (Jankowska et al. 2012) and also in Burkina Faso (Yeboah
et al. 2022). There were some conflicting results related to gender in the literature, where Dimitrova
(2021) in Ethiopia found that boys and twins were more likely to be stunted and wasted during drought
in the main agricultural season, which they indicate lends support to the “male fragility” literature, while
Yeboah et al. (2022) in Burkina Faso found no significant differences between average lifetime rainfall
exposure and stunting outcomes between boys and girls (both were negative). Similarly, Block et al.
(2021), using secondary data from children and mothers and regression modeling, linked agricultural
yield losses in Tanzania during extreme heat to pregnant mother’s body mass, which was associated with
postnatal stunting for boys, but not girls. Delayed motherhood overall was also associated with 3.4
percent lower prevalence per year in child wasting in flood areas in India (Rodriguez-Llanes 2016).

Household locations and financial resources were associated with undernutrition outcomes across a
number of modeled studies. Not surprisingly, many studies identify that children from poor households
are the most affected by stunting and wasting, including during droughts (Dimitrova 2021, Drysdale et al.
2020 in South Africa, using cross-sectional household surveys during and after drought among 431
children and 387 children in two rounds of data collection) and after floods (Rodriguez-Llanes 2016).
However, Yeboah et al. (2022) identified that rainfall and stunting relationships were not linear in
Burkina Faso, and that while children from all wealth quintiles were negatively affected by reduced
rainfall, the effect was greatest for poorer (but not poorest) households. Relatedly, water and sanitation
strategies were associated with different undernutrition outcomes during climate-related shocks and
stressors in South Africa, where reduced wasting and reductions in underweight were associated with
children using a pit latrine and having access to public standpipes or a shower in the household during a
drought (Drysdale et al. 2020).

Modeled interventions showed variability about the effect of rural versus urban household classification
and characteristics on undernutrition outcomes during climate shocks and stressors. Topographic
ruggedness was associated with worse stunting outcomes during drought (Cooper et al. 2019), and rural
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regions overall had worse stunting than urban regions across 53 countries of study. As well, rice and
plateau livelihood regions had more prevalence of stunting than pastoral regions in Mali, likely driven by
the climate related livelihoods (i.e. those impacted by climate) in these areas that fail to support cereal
crops. However, arid regions had significantly lower anemia, likely because of livestock rearing common
in those areas and the meat and iron consumption (Jankowska et al. 2021). However, Cooper et al.
(2019) and Drysdale et al. (2020) found stronger associations with stunting in higher population densities
and with urban children during drought. Nicholas et al. (2021), using DHS data from 6,985 children
coupled with climate data and regression modeling, found nuance in this finding. Urban children in the
Peruvian Amazon had higher stunting associated with temperature extremes. However, rural indigenous
children had higher stunting during prenatal excess rainfall, while urban nonindigenous children had
higher stunting with postnatal excess rainfall (Nicholas et al. 2021).

Numerous studies modeled the effect of agricultural strategies on undernutrition outcomes. These
strategies included higher nutritional diversity of local agricultural systems, irrigation, greater import of
foods, and staple crop production. All were associated with reduced stunting during drought (Cooper et
al. 2019). Chicken husbandry had the greatest positive impact across a suite of adaptation strategies in
reducing both wasting and stunting during drought in Eswatini, using data from 300 smallholder farmers
and regression models (Bailey et al. 2019).

Finally, government interventions and policies were modeled in a few studies. These findings included
that a community health care worker program improved infant mortality rates, while a public work
program did not in India during high temperatures, using data from over 500,000 infants and in utero
children and regression models (Banerjee and Maharaj 2019).
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Annex 5. Additional Proposed Interventions
Identified in the Review
Adaptation

Food Security and Nutrition

In many articles, interventions were also proposed to adapt and respond to climate change stresses and
shocks. In many cases, these proposed interventions were coping strategies to maintain food security
and nutrition, rather than improve these outcomes. These are included here for depth for USAID, as
they may suggest additional intervention strategies not previously considered. The following were
additional proposed interventions identified in the peer-reviewed literature:

Agricultural
o lrrigation (Hawkins et al. 2022)

o Retaining small livestock (chickens specifically) for reserve income and food (Hawkins et al.
2022)

o Agricultural inputs (Hawkins et al. 2022)
o Improved storage capacity for water and crops (Hawkins et al. 2022)
o Fishponds (Limuwa et al. 2018)

o Crop management including adopting drought-tolerant crops, changing crop cycles, riverbed
farming, contingency crop planning, changing planting dates, and planting short-duration
varieties (Neupane et al. 2022)

Dietary
o Sharing food (Hawkins et al. 2022)
Education
o Male participation in cooking and nutrition classes (Cheruiyot et al. 2022)
o Knowledge transfer for growing and utilizing unfamiliar and untraditional crops (Rufino
etal. 2013)
Employment and livelihoods
©  Within village livelihood options for women to minimize disruptions to maternal care
(such as the time spent away from home for gather water and food, which reduces time
allocated to child feeding) (Irenso et al. 2022)
o0 Out-migration (Neupane et al. 2022)
Extension and technical assistance
o Reliable weather information for illiterate farmers, incorporation of traditional
knowledge with science-based weather forecasts, and expansion of extension services
(Sorgho et al. 2020)
Government and policy
o Policies to promote consumption of indigenous crops, including cassava, sorghum, millet,
and pigeon pea (Rufino et al. 2013)
o Policies to support safety nets, markets, and infrastructure (Rufino et al. 2013)
Land access and ownership for women (Bryson et al. 2021).
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Undernutrition and Micronutrient Deficiency

One study in Zimbabwe that conducted an assessment of hospitals’ and health care facilities’ (n=19)
preparedness for climate-related shocks and stresses (drought in particular) proposed improving access
to availability of mineral vitamin mix, resomal, and micronutrient powder stocks, as well as
supplementary food stocks. This same study also identified proposed interventions to include increasing
health worker training for the management of acute malnutrition, as 94 percent of facilities they
identified had less than 50 percent of their health workers trained in this issue. A total of 26 percent
(5/19) of the facility hospitals and 32 percent (6/19) of the primary health care facilities were not
admitting according to integrated management of acute malnutrition protocol. Sixty-three percent
(12/19) had none of their staff trained in infant and young child feeding, 58 percent (I 1/19) had no staff
trained in growth monitoring, and 63 percent (12/19) of the facilities had no trained staff in baby-friendly
hospital initiative. All were identified as important and critical interventions for responding to climate
change stresses and shocks (Sithole et al. 2021).

Mitigation

Proposed interventions using a climate mitigation approach in the gray literature were scarce: just two
for improving food security and nutrition. First was a proposed set of interventions by USAID to reduce
undernutrition in various countries, including carbon sequestration and GHG emissions reduction
through climate-smart agriculture (USAID 2022). Second was a proposed intervention for Uganda,
Vietnam, and the Philippines, focused on improving food security and food production. This intervention
included activities involving ecosystem services and use of biodiversity to help people adapt to climate
change impacts while safeguarding their livelihoods and the resources they depend on (USAID 2017).
No proposed interventions used a climate mitigation approach that addressed dietary diversity or
micronutrient deficiency. Nonetheless, one example focused on undernutrition (stunting and wasting). A
proposed intervention in Malawi to reduce undernutrition and incidence of hunger periods included
developing sustainable management practices for vulnerable and erosion-prone lands, which may also
have mitigation co-benefits (Chakrabarti 2017).
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