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1. Climate change affects nutrition by influencing people’s food security, disease levels and 
patterns, water and sanitation environments, and choices about how to allocate time to 
their livelihoods and to caregiving. In turn, people’s nutrition status and diet choices affect 
their capacity to adapt to climate change and to mitigate climate change by reducing 
emissions of greenhouse gases. 

2. For the poorest groups, the seasonal cycles of food availability, infection, and time use 
remain a significant challenge to nutrition security and provide a stark indicator of the 
vulnerability of populations to climate risk. 

3. Different diets drive different production systems and have different emission and 
resource footprints. On average, meat-rich diets tend to have larger footprints. Dietary 
choices that are good for health can also be good for the planet.

4. Countries are beginning to incorporate climate thinking into national nutrition plans. 

5. Climate change and nutrition have overlapping agendas. More collaboration between 
the two communities could generate a common agenda that could be more effectively 
pursued by both communities—separately and together.

6 CLIMATE CHANGE AND NUTRITION

GIVEN THE WIDESPREAD EFFECTS THAT CLIMATE CHANGE IS PROJECTED TO HAVE 
ON THE WORLD’S MOST VULNERABLE PEOPLE—AND INDEED THE EFFECTS THAT 

are already underway—climate change features strongly in the Sustainable De-
velopment Goals (SDGs): specifically, SDG 13 calls for “urgent action to combat 
climate change and its impacts.” Among the many concerns related to climate 
change, its potentially serious implications for agriculture and food security have 
long been recognized (see, for example, Bohle et al. 1994).
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Much less well understood, however, are the links between 
climate change and nutrition. A clearer picture of how 
climate change affects nutrition, and how nutrition in 
turn affects climate change, offers an opportunity to use 
policies and programs in ways that are mutually beneficial 
for climate adaptation and nutrition status. 

This chapter assesses the impact of climate change 
as a risk for nutrition, but also the potential of nutrition 
choices to contribute to climate change mitigation. It 
begins by describing the nature of the linkages between 
climate change and nutrition, and then it looks at various 
aspects of these links. For example, many poor people in 
rural areas are vulnerable to seasonal variations in food 
supply, disease, and time use, and these seasonal changes 
point to the potential effects of climate change on nutri-
tion. The chapter also highlights recent evidence on the 
different greenhouse gas emissions generated by different 
diet choices. It closes with recommendations on how to 
intertwine nutrition and climate analysis and actions more 
closely, both at the national and international levels. 

THE LINKS BETWEEN CLIMATE AND 
NUTRITION
Much of the evidence on the links between climate change 
and health is summarized in a recent Lancet series by 
Watts et al. (2015). The evidence base on the interactions 
between climate and nutrition is much smaller and falls 
largely into two categories. The first, originating in the 
nutrition community, is conceptual, drawing out the links 
between climate change and food security (for example, 
Lake et al. 2012) and between climate change and under-
nutrition (examples include Tirado et al. 2010a, b, 2013; 
Crahay et al. 2010). Much of this literature explores path-
ways from climate change to nutrition status, and from 
nutrition status to adaptive capacity. The second category 
concerns how food production and diet choices affect 
greenhouse gas emissions (examples include Tilman and 
Clark 2014 and McMichael et al. 2007). In this chapter we 
draw on both of these strands: how does climate change 
affect malnutrition in all its forms, and how do diet choices 
affect the mitigation of climate change? 

To answer these questions, we incorporate climate 
change into UNICEF’s conceptual model of undernutrition, 
in two ways: First, we apply the model to malnutrition in 
all forms, not only undernutrition. Second, we build in the 
impacts of climate on the drivers of nutrition through feed-
back loops from climate adaptation and climate mitigation 
(Figure 6.1). 

To begin with, climate change affects the enabling 

environment for malnutrition reduction. Shifting and 
sometimes less predictable rainfall and temperature 
patterns affect political priorities, economic growth, and 
inequality because the poorest people are most vulnerable 
to the changes. A less favorable enabling environment for 
malnutrition reduction makes the underlying determinants 
of improved nutrition less effective. For example, unexpect-
ed and sometimes more severe weather changes disrupt 
the intermediate environments that are so important for 
good nutrition. 

In the food environment, climate influences people’s 
food consumption by influencing local and global food 
availability (production, storage), quality (nutritional value 
and food safety), access (market policies and prices), and 
how the body utilizes food. Seasonal food scarcity (see 
Panel 6.1) and climate shocks (such as droughts) have long 
been shown to drive short-term malnutrition, morbidity, 
and, in Africa, mortality in vulnerable populations, espe-
cially women and girls. 

Global climate models suggest that by 2050 climate 
change will result in additional price increases of 5–25 
percent for the most important agricultural crops—rice, 
wheat, maize, and soybeans—and that higher feed prices 
will result in higher meat prices (Nelson et al. 2009). This 
is because overall warming temperatures are expected to 
have a negative effect on global crop production, although 
this effect might be counteracted in part by the effects 
of CO2 (Lobell et al. 2012). Without real efforts to adapt, 
people’s production capacity and livelihoods are under 
serious threat. According to the Intergovernmental Panel 
on Climate Change (IPCC), climate change without adap-
tation will depress production of wheat, rice, and maize 
even under local temperature increases of 2° C. (high 
confidence). 

It is also estimated that food quality will be affected. 
For example, elevated CO2 emissions representing likely 
levels in 2050 are associated with substantial declines in 
the zinc, iron, and protein content of wheat, rice, field 
peas, and soybeans (Myers et al. 2014). In addition, food 
safety may be compromised by a changing climate. High 
temperatures and extreme weather events create a more 
favorable environment for food-borne pathogens such as 
campylobacter and salmonella (Tirado et al. 2010a), which 
reduce sufferers’ ability to absorb nutrients.

In the health environment, climate plays an important 
role in the transmission of many human parasitic, viral, 
and bacterial diseases (such as malaria, dengue, and 
cholera, respectively). Rainfall and temperature determine 
the spatial and seasonal distributions of these diseases, 
influence year-to-year variability, including epidemics, and 
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affect long-term trends (Kelly-Hope and Thomson 2008). 
Observed warming in the East African highlands, which 
is clearly associated with global climate processes, may 
already be changing local malaria transmission dynamics 
(Omumbo et al. 2011). The range of livestock and plant 
diseases is also expected to shift in association with chang-
es in climate patterns. Climate shocks such as cyclones and 
floods can directly affect the delivery of health care services 
and people’s access to such services by damaging care 
facilities and transport infrastructure. 

In the work/social environment, economic models sug-
gest that climate change will significantly alter how people 
engaged in climate-exposed livelihoods such as agriculture 
allocate their time (Zivin and Neidell 2014; Ulrich et al. 
2015). Moreover, we know that agricultural cropping pat-
terns affect the time available for child care, which in turn 
can affect the nutrition status of children under 5 years of 
age (Paolisso et al. 2002). 

With regard to the living environment, there is compel-
ling evidence that climate change is resulting in long-
term drying in some regions, including parts of the fertile 
crescent of North Africa, with major social and political 
ramifications (Kelleya et al. 2015). Drying threatens the 
quantity and quality of water available for irrigation (food 
production), energy production (food processing), and hu-
man consumption (washing, cooking, and drinking). Figure 
6.2 shows the main agricultural water systems on which 
climate change is expected to have an impact (Turral et al. 
2011). We should also expect additional challenges to wa-
ter availability for human use and consumption, including 
increasing salinity of coastal drinking water sources, which 
affects maternal health. 

How do all these pathways add up to change nutrition 
status? These changes lead to disrupted health behaviors 
and biological status and to disease, diminished produc-
tivity, and mortality. This situation undermines the ability 

FIGURE 6.1 Conceptual links between climate change and nutrition
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FIGURE 6.2 Main agricultural water management systems that climate change is expected to impact
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Source: Turral et al. (2011).

of individuals and communities to adapt to the changing 
climate and forces them into making short-term choices 
on food consumption, livelihoods, land use, water, energy 
use, and transport, which hinder effective climate mitiga-
tion. In a feedback loop, diminished climate adaptation 
and mitigation capacities further undermine the enabling 
environment for malnutrition reduction. 

Indeed, the potential rise in child stunting predicted by 
long-term changes in climate is substantial. In all regions 
where stunting is already severe, Lloyd et al. (2011) esti-
mated that climate change will increase stunting by 30–50 
percent by 2050—specifically as a function of reduced 
crop production—compared with a scenario of no further 
climate change. High temperatures also increase the risk of 
morbidity and mortality from cardiovascular disease, respi-
ratory disease, and other noncommunicable diseases (Friel 
et al. 2011), especially in older, overweight populations 
(Kenny et al. 2010).

SEASONALITY AND UNDERNUTRITION
Seasonality is an important factor mediating climate 
change and nutrition status. In general, people’s vulner-
ability to seasonality provides a good indicator of their 
extreme vulnerability to climate risk. This is because 
climate patterns play a fundamental role in shaping natural 

ecosystems, including the seasons. But seasonality is also 
a determinant of undernutrition especially among the 
poorest rural communities, where seasonal patterns of 
food consumption, micronutrient availability (Jiang et al. 
2005), infectious disease (Kelly-Hope and Thomson 2008), 
and human behavior (Devereux et al. 2011) are most 
strongly observed. This vulnerability is particularly acute in 
regions where the rains are highly seasonal and rain rather 
than irrigation is the main source of water for agriculture. 
Here the period between planting and harvesting is widely 
known as the “hungry season.” Panel 6.1 summarizes 
more findings on how seasonality affects nutrition determi-
nants and outcomes and draws out some of the program-
matic implications. 

Seasonality can have substantial effects on people’s 
nutrition status. The height of young children in India, for 
example, varies significantly by the month of their birth 
(Figure 6.3). Compared with children born in December, 
those born in the summer and monsoon months (April–
September) have significantly lower height for their age. 

In Bangladesh, extreme flooding, driven in part by 
changes in global sea surface temperatures (such as El 
Niño), affects rice production, rice prices, and child nutri-
tion. Aman rice production increases with the size of the 
annual flood until an optimum point, after which excessive 
flooding damages the crop (Figure 6.4). Extreme flooding 



ACTIONS AND ACCOUNTABILITY TO ADVANCE NUTRITION AND SUSTAINABLE DEVELOPMENT  79

also raises rice prices, leading to significant increases in 
underweight among children under age 5 (Figure 6.5 and 
Panel 6.2).

Given the influence of children’s month of birth on 
their nutrition outcomes, a greater focus on seasonality in 
nutrition assessment, programming, and policy would be 
warranted—even in the absence of climate change. The 
uncertainties introduced by climate change make such a 
focus even more important. Unless nutrition status and 

programming are more effectively season-proofed, they 
will not become more effectively climate-proofed. 

MEAT-RICH DIETS AND CLIMATE CHANGE 
Foods from animals (“animal-source foods”) such as meat, 
fish, poultry, milk, and eggs provide protein and a variety 
of essential micronutrients (such as iron, zinc, vitamin A, 

PANEL 6.1 TIME TO TAKE SEASONALITY MORE SERIOUSLY

EMILY BIELECKI AND JERE HAAS

Despite the progress in global devel-
opment over the past 30 years, the 

nutritional status of mothers, infants, 
and young children still varies widely by 
season. 

There is some evidence on the effects 
of seasonality on nutrition. For adult 
women, seasonal swings of 0.7 to 3.8 kilo-
grams of average body weight, and asso-
ciated increases in the share of women 
with a lower body mass index during the 
rainy season, have been reported in both 
Africa and Asia (Ferro-Luzzi and Branca 
1993). During the rainy season relative 
to the dry, postharvest period, women of 
reproductive age, including pregnant and 
lactating women, have reduced intakes of 
both macro- and micronutrients, increased 
morbidity, and increased agricultural labor 
demands (Prentice and Cole 1994). In the 
Gambia, the share of newborns who are 
small for their gestational age reached its 
peak at the end of the hunger season (30.6 
percent) and progressively fell to 12.9 
percent through the harvest period. The 
period with the highest rates of infants 
born small for their gestational age also 
coincided with the highest percentage 
of pregnant women with malaria, a 
known risk factor for low birth weight 
(Rayco-Solon et al. 2005). Studies from 
Africa and Asia have reported differences 
of more than 100 grams in average birth 
weights and approximately 1 centimeter 

in birth lengths in favor of the dry, post-
harvest season; these effects are greater 
than those reported in many maternal 
nutrition programs (Chodick et al. 2009; 
Rao et al. 2009). 

Despite the substantial nutritional 
impacts of seasonality, policymakers and 
program implementers may be relatively 
unaware of these effects owing to inad-
equate data. Urban elites that formulate 
much development policy may also be 
desensitized to seasonality, having the 
means to insulate themselves from it in 
their own lives (see the foreword by Robert 
Chambers in Devereux et al. 2011). The 
current focus on increasing the availabil-
ity of repeated nationally representative 
surveys might also inadvertently hide sea-
sonal disparities. Whatever the reasons, 
the absence of focus looks misguided. Fur-
thermore, climate change is likely to make 
seasonal patterns more unpredictable and 
possibly more accentuated, making it even 
more important that we are alert to pro-
grammatic responses that can reduce any 
such variations. 

The persistent impact of seasonabil-
ity on nutrition has important implications 
for policies and programs. In particular, it 
requires the following:

• A greater emphasis on nutritional 
surveillance. New technologies have 
created opportunities to understand 
seasonality in a more meaningful way 

(see Panel 9.6 in Chapter 9), and they 
may allow researchers to gather and 
analyze spatial and temporal data more 
cost-effectively. 

• A greater focus on the nutritional 
status of infants during the first 
1,000 days of life and adolescent 
girls. Adolescent girls are potential 
conduits of intergenerational nutritional 
status. Well-nourished girls will be in a 
better position to withstand seasonal 
shocks when they eventually become 
pregnant, so a life-course approach to 
interventions is vital. 

• A higher priority given to interven-
tions that help households manage 
seasonal variations in consump-
tion, income, and illness. Social 
protection programs are designed to 
protect households from undermining 
human capital in the face of shocks 
and are thus a sensible mechanism for 
delivering additional nutrition-specific 
components. 

In general, all nutrition policies and 
programs must carefully consider the 
potential trade-offs between maternal 
nutritional status, maternal work, and time 
available for adequate childcare—trade-
offs that will be exacerbated by seasonality 
and, possibly, by poorly thought-through 
attempts to address it.
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FIGURE 6.3 How stunting varies by month of birth for Indian children under age 3
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Note: Data come from three rounds of the National Family Health Survey and are for households with two or more children under age 3. Winter = December–
March; summer = April–June; monsoon = July–September; autumn = October–November.

FIGURE 6.4 Rice production and the extent of flooding in Bangladesh
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Note: Lowess smoothing is local regression smoothing. Each smoothed value is determined by neighboring points within a defined span. Between 1984 and 
2012 the four high-flood years marked in the figure all follow El Niño periods, making flood risk potentially predictable. 

riboflavin, and vitamins B-6 and B-12) that, for some age 
groups in some environments, are difficult to obtain in 
adequate quantities from plant-source foods alone (Allen 
2014; Dewey and Adu-Afarwal 2008; Murphy and Allen 
2003). Small quantities of meat thus contribute to nutri-
tious diets, especially for infants at risk of undernutrition 

(Dror and Allen 2011). Raising livestock is also an import-
ant part of the livelihood of many smallholder farmers; it 
can provide them with income for investing in education 
and healthcare and in this way can raise nutrition status 
indirectly (Smith et al. 2014). 
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During the nutrition transition (Popkin 2011), howev-
er, diets around the world have evolved to include large 
quantities of meat. Between 1961 and 2009, the global 
supply of animal-source food available rose from 118 to 
164 kilograms per person. Meat—mainly poultry, pork, 
and beef—was responsible for most of the increase, and 
meat consumption soared by 82 percent, from 23 to 42 
kilograms per person per year, in that period (Keats and 
Wiggins 2014). Diets rich in red meats such as beef and 
lamb have been established as a risk factor for nutrition- 
related noncommunicable diseases (Woodcock et al. 2007; 
WCRF 2007; Pan et al. 2012).

This shift to diets very high in meat is also associated 
with high environmental costs. Diets higher in meat are 
associated with higher greenhouse gas emissions. Figure 
6.6 shows that, compared with the global average diet for 
2009, diets lower in meat generate lower emissions. 

Although livestock of all types contributes directly and 
indirectly to climate-changing greenhouse gas emissions, 

the impacts are greatest from ruminants, which include 
cows and sheep. Dung and urine deposits from animals 
emit methane and nitrous oxide, and ruminants generate 
significant additional methane emissions through enteric 
fermentation. The production of animal feed also leads to 
nitrous oxide emissions, and deforestation and other forms 
of land clearance for pasture or cultivation of animal feed 
lead to CO2 release. Per unit of edible animal product, 
industrialized systems tend to generate fewer greenhouse 
gas emissions than extensive systems, but they give rise to 
other environmental and societal concerns including higher 
water use, higher point-source pollution, greater use of 
antibiotics (with associated antibiotic resistance concerns), 
and potentially greater associations with epidemic zoonotic 
disease outbreaks (Garnett 2011). 

Reducing livestock production of all kinds, and particu-
larly reducing ruminant production, could help significantly 
reduce greenhouse gas emissions, but such a step would 
need to be accompanied by actions to reduce consumer 

PANEL 6.2 BANGLADESH AND RICE: AT THE INTERSECTION OF 
CLIMATE AND NUTRITION

MADELEINE THOMSON

Rice is central to the food security 
and nutrition of more than half of 

the world’s population. As a “strategic” 
commodity in many Asian countries, it is 
subject to a wide range of government 
controls and interventions. In addition, rice 
production is highly sensitive to climate. 
Higher-than-optimal minimum and max-
imum temperatures have been shown to 
push down rice yields in both the labora-
tory and the field, making this crop highly 
vulnerable to the increased temperatures 
predicted to occur as a result of climate 
change (Welch et al. 2010). Rice produc-
tion is also sensitive to drought and to 
extreme flooding, as data from Bangladesh 
show (Figure 6.4). 

Bangladesh is a rice-growing country, 
and more than 70 percent of the calories 
consumed by rural Bangladeshis come 
from rice (Torlesse et al. 2003). While 
seasonal river flooding is essential to the 

rice farming system, major floods cause 
substantial losses. When the rice crop 
fails because of excessive flooding in the 
Aman season or regional drought in Boro 
season, Bangladesh responds by importing 
from neighboring countries and increasing 
production in the following season. How-
ever, such transitions are not smooth, they 
interact with regional and global shocks, 
and they can lead to rapid increases in 
rice prices that may affect consumers 
(Golam Rabbani Mondal et al. 2010). In 
turn, rice prices have a direct impact on 
child nutrition. High rice prices following 
production shocks have been shown to 
be strongly associated with a decline in 
spending on nonrice foods (which tend to 
contain higher densities of micronutrients) 
and an associated increase in underweight 
children (Torlesse et al. 2003). Figure 6.5 
shows a strong association between price 
of rice at the local level in Bangladesh and 

underweight in children under 5 years old 
after long-term trends have been removed. 

For Bangladesh the very real inter-
section of climate and nutrition is the 
subject of much analysis and action. One 
useful step would be to develop a better 
understanding of how global sea surface 
temperatures relate to local river flooding. 
This would allow Bangladesh to develop 
early warning systems to alert the health 
community to potential nutritional chal-
lenges before they occur, as has been done 
for malaria (Thomson et al. 2006). Such 
systems are best embedded in a compre-
hensive effort to (1) invest in interventions 
to bring down current disease burdens; 
(2) promote a comprehensive approach 
to climate risk management; and (3) sup-
port applied global and regional research 
agendas as well as targeted research on 
high-priority diseases and population 
groups (Campbell-Lendrum et al. 2015).
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demand. People with very low levels of income increase 
their demand for animal-source protein and fats when 
their income increases even marginally (Kearney 2010). Ef-
forts to control production are thus unlikely to be effective 
unless the regulatory, fiscal, contextual, and sociocultural 
determinants of demand are also addressed. 

An important step in shaping consumption habits is for 
national dietary guidelines to recommend lower red meat 
consumption among high-consuming groups. The Health 
Council of the Netherlands and Sweden’s National Food 
Agency, for example, are taking a lead in this respect (HCN 
2011; Sweden, National Food Agency 2015). The Brazilian 
dietary guidelines also include some discussion of environ-
mental issues and recommend moderating meat consump-
tion to achieve both environmental and health benefits 
(Brazil, Ministry of Health 2014). For the development of 
the 2015 United States Dietary Guidelines, an advisory 
committee produced a report that makes recommenda-
tions for diets that are not only healthful, but also gener-
ate fewer environmental impacts; included in this is the 
recommendation to eat fewer animal products (US Office 
of Disease Prevention and Health Promotion 2015). 

What is the optimal amount of meat to produce and 
consume to maximize nutrition status while minimizing 
greenhouse gas emissions? Clearly there is no one-size-fits-
all position; the answer will be country- and group-specific. 

But whenever nutrition and climate groups can come 
together on messaging with regard to meat consumption, 
the potential for moving their common agenda forward 
increases significantly. Nutrition and climate groups should 
develop country typologies stratified, for example, on cur-
rent meat consumption levels, dependence on ruminants 
for livelihoods, and the intensity of greenhouse gas emis-
sions of livestock systems to begin exploring the potential 
for these common agendas for action to be developed and 
pursued. 

CLIMATE WITHIN NATIONAL NUTRITION 
PLANS
To what extent do countries’ nutrition plans include 
climate variability and change? At the time of this writing 
(March 2015), of the 26 member countries of the Scaling 
Up Nutrition (SUN) Movement with complete national 
nutrition strategy documents available in English, 10 
explicitly mention “climate” or “climate change.” In the 
strategies climate change is linked with six directly affected 
categories: agriculture, food security, malnutrition, natural 
hazards (such as floods and droughts), seasonal variabil-
ity, and adaptation/mitigation (Figure 6.7). An additional 
four countries allude to climate through references to its 
components (such as rainfall, temperature, and season-

FIGURE 6.5 Rice prices and rates of underweight in children in Bangladesh
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FIGURE 6.6 Effects of diet type on greenhouse gas emissions
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Source: Tilman and Clark (2014, Figure 4.1). Reproduced with permission. 

FIGURE 6.7 Which countries include climate or climate change in their national nutrition plans and how?
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ality). Twelve countries do neither. In addition, a series 
of eight country case studies on the nutrition sensitivity 
of agriculture and food policies, commissioned by the 
UN Standing Committee on Nutrition, found that five of 
the eight surveyed countries referred to climate change 
in some of their food, agriculture, or nutrition policies 
(Fanzo et al. 2013). This inclusion rate is encouraging, and 
it would be worthwhile for other countries—both SUN 
members and nonmembers—to include climate adaptation 
and mitigation factors in their nutrition plans. 

RECOMMENDED ACTIONS
By the time of the United Nations Conference on Climate 
Change (COP21) in November 2016, the climate change 
and nutrition communities should form alliances to 
meet common goals. The Intergovernmental Panel 
on Climate Change (IPCC) should form a group com-
prising nutrition and climate-health experts to assess 
the climate-nutrition literature and define new research 
and policy agendas. Governments should build climate 
change explicitly into their national nutrition and health 
strategies. And civil society should use existing networks 
to build climate change–nutrition alliances to advocate for 
nutrition at the COP21 and other leading climate change 
events and processes.

1. Governments should build climate change more 
explicitly into existing and new national nutrition 
strategies. Reviews of nutrition policies show that many 
countries do not yet incorporate climate change into 
their nutrition policies. 

2. The Intergovernmental Panel on Climate Change 
should develop a nutrition subgroup to ensure that 
climate policymakers take advantage of climate- 
nutrition interactions and community adaptation. The 
four major UN nutrition agencies—FAO, UNICEF, World 
Food Programme (WFP), and WHO—should work with 
the IPCC to add nutrition experts to IPCC Working 
Groups 2 (vulnerability to climate change) and 3 (op-
tions for mitigation) in time for them to make a mean-
ingful contribution to the next IPCC assessment report, 
anticipated to be published in four to five years’ time. 

3. Civil society should lead the formation of climate- 
nutrition alliances to identify new opportunities for 
action on both fronts. Civil society groups should then 
present these new opportunities at side meetings at the 
2016 COP in Marrakesh. Civil society groups concerned 
with nutrition should build climate change into their 
own activities.




