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ExEcutivE summary

Among the most significant impacts of climate change is the potential increase of food insecurity and malnutrition. 
The aim of this primer is to summarise the current state of knowledge on the impacts of climate change on food 
security and nutrition.

Climate change exacerbates the 
risks of hunger and undernutrition 
through two main mechanisms:

Extreme weather events
Under climate change, the frequency 
and intensity of some disasters such 
as droughts, floods and storms could 
increase, with an adverse impact 
on livelihoods and food security. 
Climate-related disasters have the 
potential to destroy crops, critical 
infrastructure, and key community 
assets therefore deteriorating 
livelihoods and exacerbating poverty. 

Long-term and gradual climate risks
Sea-level will rise as a result of climate 
change, affecting livelihoods in coastal 
areas and river deltas. Accelerated 
glacial melt will also affect the quantity 
and reliability of water available. 
Under warming trends, glacial melt 
could accelerate, and the melt season 
would begin earlier in the year. 

In addition, climate change could affect all  
dimensions of food security and nutrition in  
complex ways:

Food production
Changes in climatic conditions have 
already affected the production of some 
staple crops, and future climate change 
threatens to exacerbate this. Higher 
temperatures will have an impact on 
yields while changes in rainfall could 
affect both crop quality and quantity. 

Food access
Climate change could increase the 
prices of major crops in some regions. 
For the most vulnerable people, lower 
agricultural output would also mean 
lower income. Under these conditions, 
the poorest people — who already use 
most of their income on food — would 
have to sacrifice additional income to 
meet their nutritional requirements. 

Food utilisation
Climate-related risks affect calorie 
intake, particularly in areas where 
chronic food insecurity is already a 
significant problem. Changing climatic 
conditions could also create a vicious 
cycle of disease and hunger.

Nutrition
Nutrition is also likely to be affected 
by climate change through related 
impacts on food security, dietary 
diversity, care practices and health.
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1. Introduction
FOOD SECURITY DIMENSION CONSEQUENCES OF CLIMATE CHANGE

AVAILABILITY 
(sufficient quantity of food 
for consumption)

•	Reduced agricultural production in some areas locally (especially at tropical 
latitudes) could affect dietary diversity

•	Changes in the suitability of land for crop production

•	Changes in precipitation patterns could affect the sustainability of rain-fed 
agriculture in some areas

•	Increases in temperature could lead to longer growing seasons in temperate 
regions and reduced frost damage

•	CO2 fertilisation could increase yields for those crops with the physiology to 
benefit from CO2 enrichment

ACCESS 
(ability to obtain food regularly 
through own production or purchase)

•	Lower yields in some areas could result in higher food prices

•	Loss of income due to the potential increase in damage to  
agricultural production

STABILITY
(risk of losing access to resources 
required to consume food)

•	Instability of food supplies due to an increase in extreme events

•	Instability of incomes from agriculture

UTILISATION 
(quality and safety of food, 
including nutrition aspects)

•	Food security and health impacts include increased malnutrition

•	Ability to utilise food might decrease where changes in climate  
increase disease

•	Impact on food safety due to changes in pests and water pollution

Understanding the specific impacts of climate change on 
food security is challenging because vulnerabilities are 
unevenly spread across the world and ultimately depend 
on the ability of communities and countries to cope with 
risks. In the context of food security, some regions of the 
world might experience gains under climate change, but 
developing countries are likely to be negatively affected. 

Number of malnourished children in  
Sub-Saharan Africa (millions)

33

2000
(baseline)

2050
without climate change
(population growth, etc)

2050
with climate change

(mostly due to 
production loss)

5242

Source: Nelson et al., 2009; graphics by WFP

Projections suggest that the number of people at risk of 
hunger will increase by 10–20% by 2050 due to climate 
change, with 65% of this population in Sub-Saharan Africa. 
The number of malnourished children could increase 
by up to 21% (24 million children), with the majority 
being in Africa (Parry et al., 2009; Nelson et al., 2009). 

The purpose of this technical paper is to review the current 
state of knowledge on the relationship between climate 
change and food security and nutrition to provide an 
evidence base for current discussions. Firstly, the paper 
provides an analysis of empirical evidence and model 
results to highlight the relationship between climate 
change and different components of food security. 
Secondly, the paper examines the relationship between 
extreme weather events, including both rapid-onset 
and slow-onset disasters, and food security. A summary 
of key messages is provided for each section.

summary

•	Climate change will act as a hunger risk multiplier exacerbating current vulnerabilities, with one study projecting  
up to 20% more people at risk of hunger.

•	Climate change could affect all dimensions of food security in complex ways.

Almost one billion people experienced hunger in 2010 (FAO/WFP, 2010): The most vulnerable people cannot access 
enough of the major macronutrients (carbohydrates, fats and protein). Perhaps another billion are thought to suffer 
from ‘hidden hunger’, in which important micronutrients (such as vitamins and minerals) are missing from their diet, 
with consequent risks of physical and mental impairment (Foresight, 2011). 

Undernutrition remains one of 
the world’s most serious but least 
addressed socioeconomic and 
health problems (FAO/WFP, 20120; 
Horton et al., 2009; SUN, 2010). The 
human and socioeconomic costs of 
undernutrition are enormous, falling 
hardest on the poorest, especially on 
women and children (Horton et al., 
2009; SUN, 2010). The millions of the 
world’s people who have experienced 
undernutrition early in life face many 
challenges as they grow up. They 
encounter an increased risk of illness 
and death when young, experience 
difficulties at school, and are often not 
able to make a full contribution to the 
social and economic development of 
their households, communities and 
nations when they become adults 
(Nabarro, 2010). 

KEy figurEs on undErnutrition

•	Malnutrition is the underlying cause of 35% of childhood deaths, which is 
more than 2.5 million deaths per year.

•	For all developing countries, nearly one-third or 165 million children 
younger than 5 years are stunted (low ‘height-for-age’);

•	There are 52 million acutely malnourished children globally, and 29 million 
of these severe acutely malnourished.

Source: Black et al., 2008

Climate change threatens to exacerbate 
existing threats to food security and 
livelihoods due to a combination of 
factors that include the increasing 
frequency and intensity of climate 
hazards, diminishing agricultural 
yields and reduced production in 
vulnerable regions, rising health and 
sanitation risks, increasing water 
scarcity, and intensifying conflicts over 
scarce resources, which would lead 
to new humanitarian crises as well 
as increasing displacement (IPCC, 
2007). Climate change is expected 
to affect all of the components that 
influence food security: availability, 
access, stability and utilisation.

The overall availability of food is 
affected by changes in agricultural 
yields as well as changes in arable land. 
Changes in food production, together 
with other factors, could impact food 
prices, which would affect the ability of 
poor households to access food markets 
and could reduce dietary diversity. 
Decreased water availability and quality 
in some areas could result in increased 
health and sanitation problems such 
as diarrheal disease which, together 
with changes in vector-borne disease 
patterns, has the potential to increase 
malnutrition, and negatively affect food 
utilisation. Extreme weather effects 
disrupt the stability of food supply as 
well as people’s livelihoods. Increases 
in extreme weather, such as floods and 
drought, as a result of climate change, 
would exacerbate this trend and could 
have a negative impact on livelihoods 
that depend on climate-sensitive 
activities such as rain-fed agriculture 
and livestock rearing. (cf. Schmidhuber 
and Tubiello, 2007). 
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The designations employed and the presentation of material in this publication do not imply the expression of any opinion whatsoever on the part of the World Food Programme (WFP) 
or the UK Met O�ce concerning the legal status of any country, territory, city or area or of its frontiers or boundaries.  (Dotted lines designate disputed border areas)  Final boundary 
between the Republic of the Sudan and the Republic of South Sudan has not yet been determined.

WhErE do thE food insEcurE livE? 

The most food insecure people live in the poorest and most 
marginal areas of Asia, Africa and Latin America, where 
environmental degradation and climate change are likely to 
exacerbate current threats to food security. The majority of 
food insecure people live in Asia, where high poverty rates 

and high disaster magnitudes affect food security.  
In Sub-Saharan Africa, the most food insecure communities 
live in highly degraded environments where climate 
change could increase degradation rates. 

In Latin America, the most food insecure generally live 
in poor urban and rural settings where climate-related 
disasters affect poverty and food insecurity trends.  
Initial analysis by the United Nations World Food 
Programme and the UK Met Office Hadley Centre shows 
that current climate risks and food insecurity intersect 
in the most vulnerable areas of the world: West Africa, 

East Africa, Southern Africa, and South Asia. This is due to 
a combination of exposure to climate risks such as floods, 
droughts and storms, as well as high poverty rates and high 
sensitivity to climate change.
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dEfinitions: Climate Change and Climate variability

An important distinction should be made between climate change and climate variability. The former refers to 
the long-term trend in weather, generally over decades or centuries. This includes long-term changes or trends 
in the average climate (such as annual average temperature or precipitation) or trends in climate extremes 
(such as the frequency of intense rainfall events). However, people experience climate as individual weather 
events, which naturally fluctuate on an annual, seasonal and decadal basis. In addition to natural variation, 
climate change will mean a shift in the patterns of weather events, over the long term. The magnitude of these 
climatic changes over the following decades and towards the end of the century will depend on how successful 
policies are at reducing greenhouse gas emissions and how sensitive the climate system is. (cf. IPCC, 2007).

2.1 long-tErm climatE changE

2.1.1 Temperature rise
Global average temperature is expected 
to rise as a result of climate change, 
and the spatial pattern of this rise is 
such that all areas will see an increase 
in temperature. By the 2050s the global 
average temperature is projected to 
have risen between 2–4 °C above the 
pre-industrial climate; however, this 
average value masks differences in 
local temperature rises. In general, the 
land will see greater increases than 
the oceans. The largest increases in 
mean temperature are projected for the 
high latitude regions of the northern 
hemisphere, with lesser increases in 
tropical and sub-tropical areas. Most 
of Canada and Russia are projected 
to experience significant warming. 
The Amazon region and parts of 
China could also see temperature 
increases above those experienced 
elsewhere. South Asia and Southeast 
Asia are the regions where the lowest 
increases in mean temperature are 
projected. (Christensen et al., 2007).

2.1.2 Changes in precipitation patterns
There is less confidence in the climate 
model projections of changes in 
precipitation patterns than changes 
in temperature. Observed large-scale 
patterns of precipitation are represented 
well in many global climate models, 
leading to high confidence in 
projections of general circulation and 
large-scale precipitation patterns. 
However, there is less certainty in 
regional projections. Rainfall records in 

many parts of the world (e.g. Africa  
and the Middle East) are sparse, 
particularly with respect to intense 
events, and satellite measurements 
of rainfall over the oceans are still 
being developed. The lack of these 
types of data hinders climate model 
verification and development. An 
additional problem is that most climate 
models do not resolve monsoon 
events and hence their associated 
rainfall well (Randall et al., 2007). 

In general, increases in temperature 
will result in a more active hydrological 
cycle, meaning more rainfall overall. 
But changes in the patterns and 
seasonality of rainfall regionally, 
mean that some areas will still 
see less rainfall, and changes in 
the timing and intensity of rainfall 
events could also have a significant 
impact locally. (Meehl et al., 2007)

2.1.3 Changes in other variables and 
weather patterns
Changes in the climate will be felt not 
only through increasing temperatures 
and changing rainfall patterns, but also 
through rising sea-levels, changes in 
storms and storm tracks, glacier melt 
and changes in large-scale circulations. 
These changes to the global Earth 
system will be experienced locally 
as changes in water availability, 
drought, storm surge damage and 
land loss. Although many aspects of 
these changes will be negative, for 

some areas there will also be positive 
changes, particularly at lower levels of 
climate change. (Parry et al, 2007)

2.1.4 Seasonal climate patterns
The seasonal cycles of hunger and 
undernutrition are generally strongly 
correlated with climatic-related 
factors — especially in rural areas. 
In Sahel and the Horn of Africa 
climate-related factors strongly 
influence crop and animal production, 
income, diseases and undernutrition. 
In Bangladesh, floods and cyclones 
tend to follow seasonal patterns — 
with important food and nutrition 
security implications. Seasonal peaks 
of hunger and undernutrition are also 
shaped by human or socioeconomic 
factors, such as high food prices 
or low income opportunities. For 
the past few years seasonality has 
changed. Rural communities across 
the world report that both the timing 
and the pattern of seasonal rains are 
changing dramatically. For example, 
rainfall is reported to be more erratic, 
shorter and heavier; even within 
recognisable seasons, ‘unseasonal’ 
events such as heavier rains, drier 
spells, unusual storms, dense fogs and 
temperature fluctuations are increasing. 
(Devereux and Sabates-Wheeler, 2012). 

2. Climate change
2.2 impacts of sEa-lEvEl risE and rEmotE climatE

2.2.1 Sea-level rise

summary

•	Climate change will contribute to sea-level rise.

•	Sea-level rise, particularly in low lying coastal zones and river deltas, can have a significant effect on livelihoods and  
food security by destroying crops and critical livelihood assets.

Although little research has been carried 
out on the impacts of sea-level rise on 
food security, it is important to assess 
the potential effects, particularly in the 
context of low elevation coastal zones. 
Sea-level rise from thermal expansion 
of the oceans and melting ice might 
affect food security in two ways: on 
one hand, it can result in inundation 
of coastal agricultural lands, especially 
where the capacity for the introduction 
or modification of sea defences is 
relatively low or non-existent; on the 
other hand, it can result in increased 

groundwater salinisation which affects 
the quantity and quality of water 
available for human use (Adams, 1989).

In the context of food security, the 
highest vulnerabilities are greatest 
where sea-level rise occurs in 
conjunction with rural coastal zones. 
Several river deltas are favourable to 
agricultural production due to the 
fertility of fluvial soils. In combination 
with tectonic rise and fall, global mean 
sea-level rise is expected to be 2 m by 
2100 (IPCC, 2007); this is especially 

problematic in densely populated, 
low elevation coastal zones. Globally, 
650 million people currently live in 
coastal settlements and are exposed 
to sea-level rise (McGranahan et al., 
2007). In Asia and North Africa — where 
the most vulnerable people live in the 
river deltas of Myanmar, Bangladesh, 
India, Pakistan and Egypt — farming 
areas in the coastal regions are exposed 
to sea-level rise (Webster, 2008).
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2.2.2 Remote climate risks

summary

•	Remote changes in climatic conditions can affect food security elsewhere.

•	Changes in river-flow could be detrimental to agricultural production: seasonal increases in river- flow could lead to 
flooding, while low river-flow during the dry season could result in water scarcity.

•	Accelerated glacial melt under global warming could also contribute to changes in the amount of water available for 
agriculture and domestic use: initially glacial melt could lead to an increase in the amount of water but in the long run 
water flow would become more variable. 

Remote climate impacts may also 
be critical: for example, agriculture 
along the Nile in Egypt depends 
on rainfall in the upper parts of 
the Nile such as the Ethiopian 
Highlands. In some rivers, including 
the Nile, climate change could 
potentially increase flow throughout 
the year benefiting agricultural 
production (Gornall et al., 2010). 

In other catchments, such as the 
Ganges, an increase in runoff results 
from an increase in peak flow during 
the monsoon period, but dry season 
river-flow is still very low. Without 
sufficient storage of peak season flow, 
water scarcity may affect food security 
despite overall annual increases in water 
availability. Moreover, seasonal increases 
in peak flow may also damage cropland 
through flooding (Gornall et al., 2010).

The Niger River Basin, which provides 
water for several marginal livelihoods in 
the Sahel, is another critical basin that 
could experience a decrease in flow. 
During the 20th century, the river’s 
mean annual discharge declined by  
40–60% together with a decline 
in rainfall of around 30%. In the 
future, the Basin could be affected 
by changes in rainfall and runoff 
of about 10% although the limited 
data do not allow for more certain 
predictions (Millar, 2007).

An additional remote source of water 
is glacier- and snow-melt, which 
influences river-flow, especially in 
mid- to high-latitudes where warming 
predictions are very high. Warming 
in winter is accompanied by lower 
precipitation falling as snow and 
an earlier melt season. Changing 
patterns of snow alter how water is 
stored and released. Temperature 
changes also affect the timing of 
runoff, causing earlier peak flow in 
spring. Additional river-flow might be 
considered beneficial to agriculture, 
but only if there is an ability to store 
runoff during surplus times. Globally, 
few rivers currently have appropriate 
storage capacity to cope with large 
shifts in seasonality. Where there are 
no storage capacities, the excess water 
will be lost to oceans (Barnett et al., 
2005, Juen et al., 2007). Approximately 
one-sixth of the world’s population 
currently lives in glacier-fed river basins 
where populations are projected to 
increase, particularly in areas such 
as the Indo-Gangetic Plain; these 
population pressures will result in 
lower water availability and greater 
stress on food security (Stern, 2007). 

Observations indicate that the majority 
of glaciers around the world are 
undergoing shrinkage (Zemp et al., 
2008). Melting glaciers will initially 
increase river-flow seasonally, increasing 
the risk of glacier lake outburst floods 
(Juen et al., 2007), and this is especially 
problematic in densely populated 
river deltas that are fed by glaciers. 
Water stored in Himalayan glaciers 
account for approximately 12,000 km3 
of fresh water feeding rivers such as 
the Indus, Ganges and Brahmaputra 
(Cruz et al., 2007). Currently over 500 
million people rely on these rivers for 
domestic and agricultural purposes. 
Climate change may create seasonal 
flow scarcities during the dry season 
(Kehrwald et al., 2008). Combined 
with expected population growth, 
coastal inundation from sea-level rise 
and increased population density, this 
may lead to further water scarcity and 
exacerbate food insecurity in the region.

2.3 impacts of ExtrEmE WEathEr EvEnts 

summary

•	Climate change is projected to 
result in more intense, frequent 
and longer extreme events 
such as droughts and floods, 
with negative consequences 
on food security in the most 
vulnerable communities.

•	Extreme weather events can  
also complicate food logistics  
and distribution.

This section summarises the state 
of knowledge on the impact of 
extreme climate-related events 
and disasters on food security. 

Climate change will have an effect on 
the frequency, intensity and duration 
of extreme weather events which 
could negatively affect food security 
in some of the most vulnerable areas. 

The impacts of temperature and 
precipitation on crop production and 
food access must also be analysed in 
relation to the frequency, intensity 
and duration of extreme weather 
events which can affect food stability. 
Recurrent extreme weather events, such 
as droughts, heatwaves and floods, 
deteriorate livelihoods and undermine 
the capacity of communities to adapt 
to moderate shocks as well as their 
ability to purchase food, increasing the 
need for food assistance. In addition, 
more frequent and intense extreme 
weather events can complicate the 
logistics of food storage and distribution 
during emergencies (Keating, 2010).

Due to their heavy reliance on climate-
sensitive activities such as rain-fed 
agriculture, food security and livelihood 
trends, Sub-Saharan Africa and Asia are 
particularly vulnerable to the impact of 
increasing extreme events (Easterling 
and Apps, 2005), particularly droughts 
(Giannini et al. 2008) and floods 
(Rodriguez-Llanes et al. 2011). 

thE gEndErEd impact of ExtrEmE WEathEr  
and climatE-rElatEd EvEnts

Men and women are affected differently by extreme climate-related disasters. 
In inequitable societies, women are more vulnerable than men (and up to 
14 times likelier to die as a result of a disaster) due to socially constructed 
gender roles that affect access to resources. In Sub-Saharan Africa, for instance, 
women are often acknowledged as owners of crops, but not of land. The 
role of women in ensuring household food security and their dependence 
on natural resources to do this, reinforces their vulnerability to disasters 
(Neumayer and Pluemper, 2007).

In post-disaster situations women are often more vulnerable than men, as their 
care-giving roles expand after a disaster and experience shows that their access 
to resources for recovery is often constrained (ISDR et al., 2009).

Women also lack access to adequate and timely climate information.  
For example, in Peru, early warning messages about the arrival of El Niño were 
only transmitted to the fishermen, who were warned that fish quantities were 
going to be severely affected with serious economic implications. Women 
were not alerted since they were not directly involved in fishing — but, in 
fact, they managed the household budgets. Had women known about the 
onset of El Niño, they would have saved more household funds and budgeted 
differently to prepare for the event, reducing the eventual economic impact 
(Anderson, 2002).
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2.3.2 Floods

summary

Floods can destroy crops, livelihood assets and agricultural land.

Observed trend: no observed trend at the global level.

Projection: Possible low agreement among models, but an increase in frequency 
of heavy precipitation events could lead to flooding. Other factors such as snow 
melt could also increase flooding.

Food security may also be affected by excessive rainfall. The impact of climate change on  
flood events is less certain. Globally, total rain falling during heavy rainfall events is increasing,  
and models suggest that there will be more heavy rainfall events as the climate warms  
(Held and Soden, 2006). 

Evidence has linked climate change to a doubling of risk of extreme wet weather in the Northern 
Hemisphere (Pall et al., 2011). Further attribution work by Min et al. (2011) suggests that increased rainfall 
intensity in the latter half of the twentieth century cannot be explained by estimates of natural variability 
alone, suggesting that there might be some influence from anthropogenic global warming. 

In the context of food security, heavy 
rainfall leading to flooding can destroy 
entire crops over wide areas, as well as 
devastating food stores, assets (such as 
farming equipment) and agricultural 
land (due to sedimentation) (Falloon 
and Betts, 2010). Further studies on the 
impacts of current climate variability 
in the United Kingdom, Kettlewell et 
al. (1999) showed that heavy rainfall 
in August can be linked to lower grain 
quality due to fungal infections.

2.3.1 Droughts 

summary

Droughts have adverse impacts on food security,  
affecting the quantity and quality of yields.

Droughts also lead to significant economic losses,  
especially in Africa.

Observed trend: Some regions have experienced more 
intense and more prolonged droughts (West africa, east 
asia), but opposite trends have been observed in other 
regions.

Meteorological droughts (resulting 
from insufficient rainfall) are expected 
to increase in duration, frequency and 
intensity (Burke et al., 2006). Droughts 
result in agricultural losses and are a 
major driver of food insecurity. Simlarly, 
drought has been the primary cause 
of interannual yield variations in some 
regions of the world (Hlavinka et al., 
2006). Globally, the areas sown for 
the major crops (barley, maize, rice, 
sorghum, soya bean and wheat) have 
seen an increase in the percentage 
of area affected by drought since the 
1960s, from approximately 5–10% 
to approximately 12–25% (Li et al., 
2009). This is especially problematic 
in the context of population growth. 
For example, in Africa alone, 650 
million people are dependent on 
rainfed agriculture in environments 

that are affected by water scarcity, 
land degradation, recurrent droughts 
and floods, and this trend is expected 
to exacerbate under climate change 
and population growth (FAO, 2008). 

Financial losses from droughts are 
also significant. In 2009, hydrological 
disasters alone accounted for 
approximately 90% of economic 
damage from natural disasters in 
Africa (Vos et al., 2010) while in 2010, 
all disaster-related losses were due 
to hydrological events (Guha-Sapir 
et al., 2011). The areas of major 
crop production (barley, maize, rice, 
sorghum, soya and wheat) have all 
experienced an increase in the area 
affected by hydrological drought which 
renders them sensitive to weather 
variability in the future (Li et al., 2009). 

Moreover, increasing evidence 
highlights the sensitivity of key 
production areas to climate variability: 
the 2010 Russian drought resulted 
in wheat yield reductions of 40% in 
such areas (USDA, 2010). Indeed, the 
adverse impacts of drought may offset 
some benefits of carbon fertilisation 
and increased temperature and season 
length in mid- to high-latitudes. Models 
of global climate, crop production 
and water resources suggest that 
in Russia the frequency of food 
production shortfalls due to drought 
are likely to double in many of the main 
growing areas in the 2020s, and may 
triple in the 2070s, with significant 
implications for crop production 
and stability. (Alcamo et al. 2007)
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2.3.3 Tropical cyclones

summary

Tropical cyclones can destroy crops, agricultural land, 
infrastructure, and key livelihoods assets, thereby 
exacerbating existing vulnerabilities.

Observed trend: increase in frequency of tropical cyclones 
but considerable debate on whether this is due to climate 
change or due to improved observational methods.

Projection: Possible decrease in frequency but increase in 
intensity of tropical cyclones in some regions.

Vulnerability: higher vulnerability due to a combination of 
population growth and accumulation of wealth in exposed 
coastal areas.

Tropical cyclones can also impact on 
food security and nutrition. Some 
studies (e.g. Gray, 1990) suggest 
tropical cyclones may become more 
intense in the future with stronger 
winds and heavier precipitation but 
regional variations in cyclone formation 
are less understood. Recent studies 
using high resolution models also 
indicate the possibility of a decrease 
in future global tropical cyclone 

frequency, but with increased intensity 
and duration (Knutson et al., 2010; also 
MacDonald et al., 2005; Bengtsson 
et al., 2007; Gualdi et al., 2008). 

Tropical cyclones also have the potential 
to devastate a region, causing loss 
of life and widespread destruction 
to agricultural crops and lands, 
infrastructure, and livelihoods (Meehl et 
al., 2007). Cyclone Nargis, for instance, 

resulted in significant societal losses in 
Myanmar. Communities and regions 
40 km inland were inundated due to 
storm surges (Webster, 2008); soil 
salinisation made 50,000 acres of rice 
cropland unfit for planting (Stover and 
Vinck, 2008); and rice seeds, fertilisers, 
farm machinery and valuable land 
were lost, thereby affecting the winter 
2008/2009 rice crop (FAO/WFP, 2009).

This section summarises the key research findings on the climate change impacts on food security and nutrition,  
with a focus on production, food prices, climate extremes, long-term climate hazards, pests and diseases,  
nutrition and health, and food safety.

3.1 climatE changE and food production

summary

•	Climate change could affect staple crop production, especially in the most 
vulnerable and food insecure countries.

•	Empirical evidence suggests that recent increases in temperature have 
already had a negative effect on yield for some key crops.

•	In the future, higher temperature could result in even lower yields for some 
crops in some regions, while changes in precipitation could affect crop 
production in key areas.

Climate change affects food production 
in complex ways. Direct impacts 
include changes in agro-ecological 
conditions; indirect impacts include 
changes in economic growth and 
distribution of incomes, which in 
turn affect demand for agricultural 
produce. Empirical evidence suggests 
that increases in temperature in the 
period 1980–2008 have already 
resulted in average global maize and 
wheat yield reductions of 3.8% and 
5.5% respectively, compared to a non-
climate scenario (Lobell et al., 2011a). 
To date, climate trends have been 
largely offset by gains derived from 
technology, carbon dioxide fertilisation, 
and other factors (Lobell et al., 2011a). 
Future changes in climate patterns 
coupled with population dynamics 
could result in higher vulnerability. 

In tropical latitudes, where much of the 
current food security problems exist, 
increases in temperature are expected 
to be predominantly detrimental. 
The quality and quantity of cropland 
available is projected to decrease 
under climate change: in Sub-Saharan 
Africa especially, land for double 
cropping could decline by between 
10 and 20 million hectares and land 
suitable for triple cropping could 
decline by 5 to 10 million hectares 
(Fischer et al., 2002). Further regional 
analyses corroborate these findings. In 
West Africa, for example, crop yields 

could decrease by approximately 
11% due to adverse effects of 
increased temperatures and lower 
precipitation (Roudier et al., in press).

More specific country-level analyses 
show that adverse climate trends 
could reduce the quantity of land 
available for crop production in some 
countries. In Kenya, for instance, a 
long-term study by FEWS NET (2010) 
notes that long rains have declined 
more than 100 millimetres since the 
mid-1970s — and this trend could 
continue. If this trend continues, food 
security would be affected due to a 
reduction in available prime arable 
land, which could affect critical 
surplus maize growing areas in central 
Kenya (Williams and Funk, 2010). 

Crop and climate models have also 
been used to assess the potential impact 
of climate change on the availability 
of food (Rosenzweig and Parry, 1994; 
Arnell et al., 2001; Parry et al., 2004; 
Lobell and Field, 2007). Generally, 
the results indicate that changes in 
temperature and precipitation due 
to anthropogenic greenhouse gas 
emissions will affect land suitability 
and crop yields. The research suggests 
that higher temperatures will 
predominantly benefit agricultural 
production in the temperate latitudes, 
as the areas for potential production 
expand, the growing season length 

increases, cold weather events 
are reduced and, for many areas, 
precipitation increases (IPCC, 2007). 

However, increases in local 
temperatures can generate devastating 
agricultural losses, and can be critical 
if they coincide with key stages of crop 
development (Wollenweber et al., 
2003). The yields of many crops can 
be drastically reduced by temperatures 
above 32 °C during the flowering stage: 
for instance, rice grain sterility occurs in 
temperatures in the mid-30s (Porter and 
Gawith, 1999; Wheeler et al., 2000; Vara 
Prasad et al., 2003; Hatfield et al., 2011). 
Experimental work by Mohammed and 
Tarpley (2009) similarly suggests that 
rice yields were reduced by 90% when 
ambient temperatures increased from 
27 °C to 32 °C, and temperatures above 
35 °C resulted in zero yields. The results 
are supported by experience: the 2003 
European heatwave affected crops and 
resulted in yield losses of up to 36% 
in Italy for corn (Stott et al., 2003).

Empirical studies using historical 
crop-trial data have highlighted the 
adverse impact of temperature on 
maize yields in Africa (Lobell et al., 
2011b). By combining crop production 
data from 20,000 maize trials with 
daily meteorological data, Lobell et al. 
(2011b) show that for each degree-day 
spent above 30 °C, the final yield 
was reduced by 1% under optimal 
rain-fed conditions and by 1.7% under 
drought conditions. In addition, 
Lobell et al. (2011b) suggest that 
approximately 65% of maize-growing 
areas could experience yield losses 
for 1 °C of warming under optimal 
rain-fed management, whereas 
100% of areas would experience 
significant losses under drought 
conditions. The results highlight the 
role of moisture in improving the ability 
of maize crops to cope with heat.

3.  Climate impacts on  
food security
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Similarly, shifts in mean precipitation 
patterns affect vulnerable rain-fed 
agricultural plots. Globally, over 80% 
of all agriculture is rain-fed; in Latin 
America it is close to 90%, whereas 
in Africa it is around 95% (Wani et al., 
2009). By contrast, irrigated agricultural 
land comprises less than one-fifth 
of all regions but produces between 
40 and 45% of the world’s food and 

depends on water availability which 
is likely to be affected by climatic 
changes (Döll and Siebert, 2002). 

Water resources are predicted to be 
strongly impacted by climate change, 
with wide-ranging consequences for 
human societies and ecosystems (Bates 
et al., 2008). Hundreds of millions 
of people risk being exposed to a 
growing scarcity of water (Pachauri 

and Reisinger, 2007). Climate change-
related alterations in rainfall, surface 
water availability and water quality 
will impact on the incidence of 
water-related diseases (Confalonieri 
et al., 2007). Closely interlinked with 
water scarcity is agricultural and 
food production, which will become 
riskier in many developing countries 
as the climate continues to change.

3.2 climatE changE impacts on food accEss and livElihoods

summary

•	Recent events have highlighted the impact of food price increases on the 
most vulnerable people.

•	Climate change could increase prices of major crops in the coming decades. 
The poorest people, who already use most of their income on food, would 
have to sacrifice additional income.

•	Climate change could also affect rural incomes as agricultural production falls.

Climate change could also affect 
food access — that is, the ability 
of individuals, communities and 
countries to obtain sufficient quantities 
of good-quality food. Over the last 
thirty years, falling real prices for 
food and rising real incomes have 
increased purchasing power in many 
developing countries but recent 
market volatility has highlighted the 
vulnerability of poor and marginal 
households to price shocks. 

The relationships between climate 
change and food access are complex, 
especially because it is difficult to 
quantify and model the impacts of 
economic growth. Moreover, any 
benefits associated with income 
growth might be offset by increases in 
prices. If income levels rise moderately 
but remain low, and the amount 
of income spent on food remains 
high, increases in food prices will 
exacerbate food insecurity trends 
(Schmidhuber and Tubiello, 2007). 

Empirical evidence suggests that 
climate variability can impact 
livelihoods. For example, historical 

evidence in Ethiopia suggests that 
there is a strong correlation between 
economic growth and rainfall variability. 
Wetter years are associated with higher 
GDP growth, whereas dryer years are 
associated with lower or even negative 
growth (Conway and Schipper, 2010). 
While correlation does not imply 
causation, this relationship suggests 
that climate could affect livelihoods in 
the absence of adaptation measures. 
Conway and Schipper (2010) also 
note that the relationship between 
climate and economic growth has 
been weaker since 2000, probably 
linked to economic diversification 
away from agriculture. This type 
of complex relationship illustrates 
why it is difficult to quantify the 
range of climate-livelihoods links.

Some studies have quantified the 
potential impacts of rising temperatures 
on food prices (e.g. Fischer et al., 2002;  
Nelson et al., 2009). Increasing food 
prices reduce dietary diversity, which 
reduces dietary quality and hence 
increase malnutrition, in particular 
stunting and micronutrient deficiencies 

(Brinkman et al., 2009). Some studies 
have quantified the potential impacts of 
rising temperatures on food prices (e.g. 
Fischer et al., 2002; Nelson et al., 2009). 
The studies suggest that food prices 
are expected to rise moderately in line 
with moderate increases of temperature 
— after 2050, however, food prices are 
expected to increase more rapidly. A 
study by the International Food Policy 
Research Institute (Nelson et al., 2010) 
suggests that by 2050 real prices 
might increase by 87–106% for maize, 
55–78% for rice, and 54–58% for wheat 
relative to the 2010 baseline as a result 
of adverse climate-change impacts. 
Further research suggests the potential 
for much larger food price changes in 
the nearer term, with the price of major 
staples rising by 10–60% by 2030 and 
increasing poverty levels by 20–50% 
in some parts of South Asia and 
Sub-Saharan Africa (Hertel et al., 2010).

Climate change could also have an 
impact on rural incomes: given that 
agriculture is highly sensitive to climate 
patterns, changes in temperature and 
rainfall can reduce agricultural output 
and therefore reduce rural incomes 
(Morton, 2007). Mendehlson et al., 
(2007) also show that historically 
climate is highly correlated to 
agricultural incomes — in particular, 
regions with moderate temperature 
and sufficient rainfall support higher 
rural incomes. Under climate change, 
super-optimal temperatures and 
erratic precipitation are likely to result 
in higher rural poverty, and therefore 
lower rural income for food.

3.3 climatE changE impacts on nutrition and utilisation

summary

•	Climate change exacerbates undernutrition through three causal pathways 
related to (or though combined effects on) food security, care practices  
and health.

•	Quantifying the effects of climate change on undernutrition is a complex 
exercise, due to the multiple causal pathways leading to undernutrition.

•	However recent studies suggest that climate extremes such as floods and 
droughts might have a negative impact on nutrition outcomes.

•	Climate change can also increase the incidence of diseases, such as malaria, 
thereby increasing the caloric requirements of affected populations and 
reducing the body’s absorption and utilisation of essential nutrients, 
effectively increasing overall nutritional needs. 

Undernutrition is the consequence of 
inadequate dietary intake and disease, 
which in turn result from household 
food insecurity, inadequate care, an 
unhealthy environment and lack of 
health services. These three underlying 
causes of undernutrition are determined 
by environmental, economic, and 
socio-political contextual factors, 
with poverty having a central role. 

Climate change can exacerbate 
undernutrition. For example, reduced 
calorie intake due to lower food 
availability could affect nutrition 
outcomes. Inadequate care practices 
could be exacerbated due to difficulty 
in accessing clean drinking water. 
Potential increases in food prices due 
to climate change could reduce dietary 
diversity and hence reduce nutritional 
value of the diet, which impacts on 
nutritional status. Finally, health will 
be impacted through changing disease 
patterns as a result of climate change. 

3.3.1 Climate change and health
Some scientists argue that climate 
change is the biggest global health 
threat of the 21st century, and is 
already contributing to the global 
burden of disease and premature 
death (e.g. Costello et al., 2009). 
Important future trends for human 
health include an increase in the 
number of people suffering from death, 
disease and injury from heatwaves, 
floods, storms, fires and droughts; 
changes in the range of infectious 
disease vectors; and an increase in 
the burden of diarrhoeal diseases 
(Confalonieri et al., 2007). Climate 
change impacts on health eventually 
both increase nutritional needs and 
reduce the absorption of nutrients 
and their utilisation by the body. 

Climate change will have an impact on 
sanitation systems, and water quality 
and availability through changes 
in precipitation patterns and the 
availability and seasonality of glacial 
meltwater. Further, climate change 
might impact on different diseases 
including diarrhoea, respiratory 
illness, as well as waterborne, food-

borne, and vector-borne diseases 
through changes in habitat suitability 
(Confalonieri et al., 2007; IPCC, 2007).

The links between increasing 
temperatures and malaria incidents 
have been relatively well studied 
(e.g. Simon et al., 2002): increases in 
temperature and humidity can increase 
the risk of malarial transmission by 
expanding the habitable areas of 
mosquitoes. This, in turn, can expose 
a larger number of people to malarial 
transmission. Some studies have 
quantified the impact of increased 
temperature on common forms 
of food poisoning: salmonellosis 
incidence, for example, increases 
lineally for each degree increase in 
temperature (D’Souza et al., 2004; 
Kovats et al., 2004). Similarly, increases 
in temperature have been associated 
with increased episodes of diarrhoea 
in adults and children: several studies 
report a strong correlation between 
monthly temperature and diarrhoeal 
episodes (e.g. Singh et al., 2001). 
Diarrhoea, acute respiratory infection, 
measles and meningitis are all major 
food security and nutrition-related 
diseases. These increase the nutritional 
needs of affected people while 
simultaneously reducing the absorption 
of nutrients and their utilisation by 
the body. Increasingly poor health 
in a community also leads to a loss 
of labour productivity and a higher 
dependency ratio (Mao, 2009). 

Climate change could also put further 
strain on the already heavy workload of 
women with negative impacts on their 
ability to provide proper care to infants 
and young children, heightening the 
risk of undernutrition (UNSCN, 2011).
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3.3.2 Quantifying climate impacts on nutrition

thE impact of drought on malnutrition

Disasters — particularly droughts — have severe detrimental impacts on 
nutrition. Empirical evidence highlights that children born during a drought 
are often likelier to suffer from malnourishment.

In Ethiopia, children who were born in an area affected by a disaster are 35.5% 
more likely to be malnourished; they are also 41% more likely to be stunted. 

In Kenya, children born in drought-prone areas are 50.4% likelier to be stunted 
and 71.1% likelier to be severely stunted.

In Niger, the chance of being malnourished more than doubles for children 
between the ages of one and two who were born during a drought.  
Children born during a disaster, irrespective of the location are up to 55.5% 
likelier to be undernourished.

Source: Fuentes and Seck (2007)

Climate change could also have 
an impact on food security by 
affecting calorie consumption: recent 
empirical evidence suggests that 
climate-related shocks (particularly 
droughts) impact dietary diversity 
and reduce overall food consumption 
with long-term detrimental effects 
on stunting (Silventoinen, 2003; 
Gitau et al., 2005; IPCC, 2007). 

In a simulation of calorie intake under 
climate change by the International 
Food Policy Research Institute (IFPRI), 
it is suggested that the number of 
malnourished children could fall 
by over 45% between 2010 and 
2050 mostly due to socioeconomic 
development. More pessimistic 
scenarios which include adverse 
climate-change impacts, however, 
indicate that the number would only 
decrease by 2%. The benefits are 
greatest in middle-income developing 

countries which have the largest 
share of the world’s population 
(projections suggest that the number 
of malnourished children could fall 
10–50%). However, for low-income 
developing countries, the benefits are 
significantly smaller with a decline 
in malnourishment of 37% in the 
optimistic scenario and an increase 
of more than 18% in the pessimistic 
scenario (Nelson et al., 2010).

3.3.3. Food safety and pests
Rising temperatures might also 
impact indirectly on food security 
through effects on pests, although the 
interactions between climate and pest 
incidence are not fully quantified. As the 
climate warms, it is expected that the 
range of agricultural pests may expand, 
as the ability of pest populations 
to survive the winter and attack 
susceptible crops increases. Studies 
suggest that pests, such as aphids 

(Newman, 2004) and weevil larvae 
(Staley and Johnson, 2008) respond 
positively to higher carbon dioxide 
concentrations. Increased temperatures 
in winter also reduce the mortality of 
aphids enabling earlier and potentially 
larger dispersion (Zhou et al., 1995). 

In Sub-Saharan Africa, evidential 
research shows that migration patterns 
of locusts may be influenced by rainfall 
patterns; therefore, climate change 
may impact the distribution of this 
pest (Cheke and Tratalos, 2007). 

The risk of increased aflatoxin 
contamination in some areas due to 
changing rainfall patterns, too, may 
restrict the area over which certain 
crops like maize can be grown. Maize 
is a staple for millions of people in 
Africa, Asia and the Americas, but it 
is susceptible to climate influences 
as exemplified by recent experiences 
with aflatoxins in Kenya (Lewis et al., 
2005; Cotty and Jaime-Garcia, 2007).

Pathogens and diseases affecting 
crops may also be affected by 
climate change. This may be through 
impacts of unexpected warming, of 
prolonged drought on the resistance 
of crops to specific diseases and 
through increased pathogenicity of 
organisms by environmentally-induced 
mutations (Gregory et al., 2009). 
Over the next 10–20 years, disease 
affecting oilseed rape could increase 
in severity and might spread to 
regions where it is currently not 
observed (Evans et al., 2008).

summary

•	There are uncertainties associated with climate change due to the 
complexity of modelling atmospheric and social processes.

•	It is difficult to attribute specific disasters to climate change but recent  
events such as the Pakistan floods could become more frequent under 
climate change.

•	Policies addressing climate change should be based on existing knowledge, 
taking into account the range of possible impacts of climate change 
(for example, seasonal drought and seasonal floods).

There is a general consensus among the 
scientific community that the climate is 
changing, and there is some agreement 
on the ways in which it is changing; 
for example, through increasing global 
average temperature. However, the 
implications of global climate change at 
regional or local scales, and the impacts 
of these changes on other systems such 
as agricultures or markets are more 
complex. Because of this uncertainty, 
it is not feasible to talk about future 
challenges in definite terms — instead, 
the discourse should focus on risks 
(cf. Stern, 2007). Communicating 
the risk of particular events occurring 
as well as their concomitant impacts 
is an important first step towards 
using climate information to guide 
policymaking in a responsible manner.

An additional uncertainty arises in 
efforts to attribute specific events 
to anthropogenic climate change. 
Attribution is important: (i) to identify 
the extent of change that could occur 
due to anthropogenic emissions of 
greenhouse gases; and (ii) to highlight 
the potential impacts of climate change 
without adaptation measures. Efforts 
to improve methods of attributing 
anthropogenic forcing to specific 
events have taken place through 
collaborative efforts (for example, 
through the Attribution of Climate 
Events initiative maintained by the 
University Corporation for Atmospheric 
Research). Significant advancements 
have been made in attributing long-
term processes such as climate shifts 
and decadal climate variations to 
climate change (Meehl et al., 2009). 

For climate-related events, too, there 
has been some progress: for example 
Pall et al. (2011) used long-term 
hydrometeorological information to 
show that the 2000 floods in the United 
Kingdom could not occur solely due 
to natural variability. Improvements 
in the availability and quality of 
high-resolution long-term data will 
result in better attribution and analysis.

Several uncertainties in the climate 
science exist, particularly in relation 
to the use of climate models at more 
precise spatial and temporal resolutions. 
In spite of these uncertainties, however, 
it is important to guide decisions for 
food security policy based on the 
available knowledge and evidence. 

In order for policies to be robust,  
they should consider the range of 
possible impacts under climate change. 
While the majority of studies focus on 
estimates of the most likely scenarios, 
increases in temperature can have 
highly negative as well as positive 
impacts. Therefore, interventions 
should aim to both reduce risks 
(including the worst-case scenario) 
as well as exploiting potential 
benefits for effective adaptation 
outcomes (Hertel et al., 2010).

4.  Uncertainty and 
evidence‑based planning
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6. References
There is an emerging consensus 
that changes in temperature and 
precipitation can have detrimental 
impacts on the food security of the 
most vulnerable people, in the absence 
of adaptation. However, the aggregate 
impact of climate change on food 
security is not fully understood. In 
particular, several of the impacts are 
difficult to quantify and depend on a 
range of assumptions. The available 
quantitative studies suggest that 
climate change will negatively affect 
food security at the global level in 
the long run. The research suggests 
that, at the global level, climate 
change will reduce crop yields and 
the land suitable for agricultural 
production with the greatest impacts 
in tropical latitudes where the greatest 
food security challenges persist.

Several quantitative assessments also 
suggest that food prices will increase 
as a result of climate change, thereby 
affecting the ability of poor farmers to 
purchase food. The impact of these food 
price rises will ultimately depend on the 
level of socioeconomic development: 
in the shorter term, it is expected that 
the greatest gains in food access will be 
in South Asia and Latin America with 
marginal gains in Sub-Saharan Africa. 
Although the conceptual links between 
climate change and food stability and 
utilisation are well understood, less is 
known about the quantitative impacts. 
For example, climate variability and 
climate extremes are likely to pose 
greater challenges for food stability. 
Climate impacts on pest and disease 
patterns will also affect the ability of the

body to absorb and utilise nutrients, 
and at the same time disease 
increases nutrient needs. 

Climate change could also increase the 
numbers of malnourished children, 
especially in the least developed 
countries. Some impacts may arise 
from remote changes in climate, 
due to dependence on rivers fed by 
precipitation, snowmelt and glacial 
melt occurring elsewhere. The evidence 
suggests that the impacts of climate 
change on food security will be spread 
unevenly, affecting the populations that 
are currently most at risk of hunger. 
Ultimately, how strongly the impacts of 
climate change are felt will depend on 
the ability to adapt to these changes.

5. Conclusion

20   Climate impacts on food security and nutrition Climate impacts on food security and nutrition   21



Mohammed, A.R. and Tarpley, L. (2009) 
High nighttime temperatures affect rice 
productivity through altered pollen 
germination and spikelet fertility. agric Forest 
meteorol 149, 999-1008.

Morton, J.F. (2007) The impact of climate 
change on smallholder and subsistence 
agriculture. Proc natl acad Sci. 104(50), 
19680-19685.

Nabarro D. (2010) Introducing the policy 
brief ‘Scaling Up Nutrition: a framework for 
action’. Available at: http://un-foodsecurity.
org/sites/default/files/April%2024%20
David%20Nabarro%20Introducing%20
the%20SUN%20April%202010.pdf

Nelson, G.C., Rosegrant, M.W. et al. 
(2009) Climate change: impact on 
agriculture and costs of adaptation. 
Washington, D.C.: IFPRI.

Nelson, G.C., Rosegrant, M.W. et 
al. (2010) Food security, farming 
and climate change to 2050: 
Scenarios, results, policy options. 
Washington, D.C.: IFPRI.

Neumayer, E. and Pluemper, T. (2007) The 
gendered nature of natural disasters: the 
impact of catastrophic events on the gender 
gap in life expectancy, 1981-2002. ann assoc 
am geogr. 97(3), 551-566.

Newman J. A. (2004) Climate change and 
cereal aphids: the relative effects of 
increasing CO2 and temperature on aphid 
population dynamics. global Change biol. 
10, 5–15. 

Pachauri, R.K, and Reisinger, A. (2007) 
Climate Change 2007: Synthesis Report. 
Contribution of Working Groups I, II and III 
to the Fourth Assessment Report of the 
Intergovernmental Panel on Climate Change. 
Cambridge: Cambridge University Press. 

Pall, P., Aina, T., Stone, D.A., Stott, P.A., 
Nozawa, T., Hilberts, A.G.J., Lohmann, D. 
and Allen, M.R. (2011) Anthropogenic 
greenhouse has contribution to flood risk in 
England and Wales in autumn 2000. nature 
470, 382-385.

Parry, M., Evans, A. Rosegrant, M.W. and 
Wheeler, T. (2009) Climate Change and 
hunger: responding to the challenge. Rome, 
Italy: WFP.

Parry, M.L., Rosenzweig, C., Iglesias, A., 
Livermore, M. and Fischer, G. (2004) Effects 
of climate change on global food production 
under SRES emissions and socio-economic 
scenarios. global environ Change. 14(1), 
53-67.

Porter, J.R. and Gawith, M. (1999) 
Temperatures and the growth and 
development of wheat: a review. eur J agron 
10, 23-36. 

Randall, D.A., et al. (2007): Climate 
Models and Their Evaluation. in: 
Climate Change 2007: the Physical 
Science basis. Contribution of Working 
group i to the Fourth assessment report 
of the intergovernmental Panel on 
Climate Change [Solomon, S., D. Qin, 
M. Manning, Z. Chen, M. Marquis, K.B. 
Averyt, M.Tignor and H.L. Miller (eds.)]. 
Cambridge University Press, Cambridge.

Rodriguez-Llanes, J. M., Ranjan-Dash, S., 
Degomme, O., Mukhoapdhyay, A. and 
Guha-Sapir, D. (2011) Child malnutrition and 
recurrent flooding in rural eastern India: a 
community-based survey. bmJ Open 1, 
e000109.

Rosenzweig, C. and Parry, M.L. (1994) 
Potential impacts of climate change on world 
food supply. nature. 367, 133-138.

Roudier, P., Sultan, B., Quirion, P. and Berg, A. 
(in press) The impact of future climate change 
on West African crop yields: What does the 
recent literature say? global environ Change.

Schmidhuber, J. and Tubiello, F.N. (2007) 
Global food security under climate change. 
Proc natl acad Sci 104(50): 19703-19708

Silventoinen, K. (2003) Determinants of 
variation in adult body height. J biosoc Sci 
35, 263-285

Simon, I. et al. (2002) Climate 
change and the resurgence 
of malaria in the East African 
highlands. nature 415, 905-909.

Singh, R., Hales, S., deWet, N., Raj, R., 
Hearnden, M. and Weinstein, P. (2001) The 
Influence of Climate Variation and Change 
on Diarrheal Disease in the Pacific Islands. 
environ health Perspect. 109:55–59.

Staley J. T., Johnson S. N. (2008) Climate 
change impacts on root herbivores. In root 
Feeders: an ecosystem perspective (eds 
Johnson S. N., Murray P. J.). Wallingford, UK: 
CABI. 

Stott, P.A., Stone, D.A. and Allen, M. R. 
(2004) Human contribution to the European 
heatwave of 2003. nature 432, 610-614.

Stover E. and Vinck P. (2008) Cyclone Nargis 
and the politics of relief and reconstruction 
aid in Burma (Myanmar). J. Am. Med. Assoc. 
300, 729–731. 

Scaling Up Nutrition (SUN), 2010. Scaling Up 
Nutrition: A Framework for Action. Accessed 
online at: http://www.unscn.org/en/
nut-working/scaling_up_nutrition_sun/
sun_purpose.php 

UNSCN (2010) Climate Change and nutrition 
Security. Geneva: UNSCN Secretariat.

UNDP/EEG and UNCCD (2010) the 
Forgotten billion: mdg achievement in the 
drylands. New York: UNDP.

US Department of Agriculture (2010) ‘World 
Agricultural Production’, Bulletin (August 
2010) http://www.fas.usda.gov/wap/
circular/2010/10-08/productionfull08-10.pdf

Vara Prasad, P.V., Boote, K.J., Allen, L.H., 
Thomas, J.M.G. (2003) Super-optimal 
temperatures are detrimental to peanut 
(Arachis hypogaea L.) reproductive processes 
and yielf at both ambient and elevated 
carbon dioxide. glob Change biol 9(12): 
1775-1787.

Vos, F., Rodriguez, J., Below, R. and Guha-
Sapir, D. (2010) annual disaster Statistical 
review 2009: the numbers and trends. 
Brussels: CRED.

Wani, S.P., Sreedevi, T. K., Rockstrom, J. and 
Ramakrishna, Y.S. (2009) ‘Rainfed agriculture 
– Past trends ad future prospects’ in Wani 
S.P., Rockstrom J. and Oweis, T. (eds.. 
Rainfed agriculture: Unlocking the potential. 
Oxford: CABI.

Webster, P.J. (2008) Myanmar’s deadly 
daffodil. nat geosci. 1, 488-490.

Wheeler, T. R., Craufurd, P. Q., Ellis, R. H., 
Porter, J. R. and Prasad, P. V. V. (2000) 
Temperature variability and the yield of 
annual crops. agric ecosyst environ. 82, 
159-167. 

Williams, A.P., and Funk, C. (2010) A 
westward extension of the warm pool 
intensifies the Walker Circulation, drying 
Eastern Africa: U.S. Geological Survey 
Open-File Report 2010–1199, 11

Wollenweber, B., Porter, J. R. and Schellberg, 
J. (2003) Lack of interaction between 
extreme high-temperature events at 
vegetative and reproductive growth stages in 
wheat. J. agron. Crop Sci. 189, 142-150. 

Zemp M., Roer I., Kääb A., Hoelzle M., Paul F. 
and Haeberli W. (2008) Global glacier 
changes: facts and figures. Zurich, 
Switzerland: UNEP, World Glacier Monitoring 
Service.

Zhou X. L., Harrington R., Woiwod I. P., Perry 
J. N., Bale J. S., Clark S. J. (1995) Effects of 
temperature on aphid phenology. global 
Change biol. 1, 303–313.

during and after the maize price increases 
resulting from the Southern African drought 
of 2001-2002. Public health nutr 8(7): 
837-843.

Godfray, H.C.J., Beddington, J.R., Crute, I.R., 
Haddad, L., Lawrence, D., Muir, J.F., Pretty, J., 
Robinson, S., Thomas, S.M., and Toulmin, C. 
(2010) Food security: the challenge of 
feeding 9 billion people. Science. 327: 

Gornall, J., Betts, R., Burke, E., Clark, R., 
Camp, J., Willett, K., and Wiltshire, A. (2010) 
Implications of climate change for 
agricultural productivity in the early 
twenty-first century. Phil tran royal So. b: 
biological Sciences. 365(1554): 2973-2989.

Gray, W.M. (1990) Strong Association 
between West African Rainfall and US 
Landfall of Intense Hurricanes’, Science. 
249(4974): 1251-1256.

Gregory P. J., Johnson S. N., Newton A. C., 
and Ingram J. S. I. (2009) Integrating pests 
and pathogens into the climate change/food 
security debate. J exp bot. 60, 2827–2838.

Gualdi, S., Scoccimarro, E. and Navarra, A. 
(2008) Changes in tropical cyclone activity 
due to global warming: results from a 
high-resolution coupled general circulation 
model. J. Clim. 21, 5204-5228.

Guha-Sapir, D., Vos, F., Below, R. and 
Ponserre, S. (2011) annual disaster Statistical 
review 2010: the numbers and trends. 
Brussels: CRED.

Hatfield, J.L., Boote, K.J., Kimball, B.A., Ziska, 
L., Izaurralde, R.C., Ort, D., Thomson, A.M. 
and Wolfe, D.A. (2011) Climate impacts on 
agriculture: implications for crop production. 
agron J. 103(2), 351-370.

Held, I. and Soden, B.J. (2006) Robust 
responses of the hydrological cycle to global 
warming. J Climate. 19, 21. 5686-5699.

Hertel, T.W., Burke, M.B. and Lobell, D.B. 
(2010) The poverty implications of climate-
induced crop yield changes by 2030. global 
environ Change. 20(4), 577-585.

Hlavinka, P., Trnka, M., Semeradova, D., 
Dubrovsky, M., Zalud, Z. and Mozny, M. 
(2009) Effects of drought on yield variability 
of key crops in Czech Republic. agric Forest 
meteorol. 149, 431-442.

Horton S., Shekar M., McDonald C., Mahal 
A. and Brooks J.K. (2009) Scaling Up 
nutrition: What Will it Cost? Washington DC: 
The World Bank.

IPCC (2001) third assessment report. 
Cambridge: Cambridge University Press.

IPCC (2007) Fourth assessment report. 
Cambridge: Cambridge University Press.

ISDR, UNDP and IUCN (2009) making 
disaster risk reduction gender-Sensitive. 
Geneva: UN.

Juen, I., Kaser, G. and Georges, C. (2007) 
Modelling observed and future runoff from a 
glacierized tropical catchment (Cordillera 
Blanca, Peru). global Planet Change. 59, 
37-48.

Keating, A. (2010) Food security in 
australia—the logistics of vulnerability. 
Melbourne: Centre for Risk and Community 
Safety, RMIT University.

Kehrwald N. M., Thompson L. G., Yao T. D., 
Mosley-Thompson E., Schotterer U., Alfimov 
V., Beer J., Eikenberg J., Davis M. E. (2008) 
Mass loss on Himalayan glacier endangers 
water resources. geophys res lett. 35, 
L22503.

Kettlewell, P.S., Sothern, R.B. and Koukkari, 
W.L. (1999) ‘UK wheat quality and economic 
value are dependent on the North Atlantic 
Oscillation.’ J Cereal Sci. 29: 205-209.

Knutson, T. R., McBride, J. L., Chan, J., 
Emanuel, K., Holland, G., Landsea, C., Held, 
I., Kossin, J. P., Srivastava, A. K. and Sugi, M. 
(2010) Tropical cyclones and climate change. 
nature geosci. 3, 157-163. 

Kovats, R.S., Edwards, S., Hajat, S., 
Armstrong, B., Ebi, K.L. and Menne, B. 
(2004) The effect of temperature on food 
poisoning: a time-series analysis of 
salmonellosis in ten European countries. 
epidemiol infect. 132:443–453. 

Lal, P.N., Singh, R. and Holland, P. (2009) 
relationship between natural disasters and 
poverty: a Fiji case study. SOPAC 
Miscellaneous Report 678. Suva: SOPAC.

Lewis, M. Onsongo, H. Njapau, H. Schurz-
Rogers, G. Luber, S. Kieszak, J. Nyamongo, L. 
Backer, A. Dahiye, A. Misore, K. DeCock and 
C. Rubin (2005) Aflatoxin contamination of 
commercial maize products during an 
outbreak of acute aflatoxicosis in Eastern and 
Central Kenya, env health Persp 113: 
1762–1767.

Li Y. P., Ye W., Wang M., Yan X. D. 2009. 
Climate change and drought: a risk 
assessment of crop-yield impacts. Clim. res. 
39, 31–46. 

Lobell, D.B., Schlenker, W. and Costa-
Roberts, J. (2011a) Climate trends and global 
crop production since 1980. Science. (doi: 
10.1126/science.1204531)

Lobell, D.B., Banzinger, M., Magorokosho, C. 
and Bindiganavile, V. (2011b) Non-linear 
heat effects on African maize as evidenced by 
historical yield trials. nature Climatic Change 
lett. 1, 42-45.

Lobell, D.B., Field, C.B. (2007) Global scale 
climate-crop yield relationships and the 
impacts of recent warming. environ res lett. 
2, 1-7.

Mao, R. (2009) Climate change is deadly: 
The health impacts of climate change. In the 
health practitioner’s guide to climate change: 
diagnosis and cure (eds. Griffiths, J., Rao, M., 
Adshead, F. and Thrope, A.) London, UK; 
Earthscan.

Maracchi, G., Sirotenko, O. and Bindi, M. 
(2005) Impacts of present and future climate 
variability on agriculture and forestry in the 
temparate regions: Europe. Clim. Change 70, 
117-135.

McDonald, R. E., Bleaken, D. G., Cresswell, 
D. R., Pope, V. D. and Senior, C. A. (2005) 
Tropical storms: representation and 
diagnosis in climate models and the impacts 
of climate change. Clim dyn. 25, 19-36. 

McGranahan, G., Balk, D. and Anderson, B. 
(2007) The rising tide: assessing the risks of 
climate change and human settlements in 
low elevation coastal zones. environ Urban. 
19(1), 17-37.

Meehl, G.A. et al. (2007) Global 
climate projections. In Climate 
change 2007: the physical science 
basis. Contribution of Working group 
i to the Fourth assessment report 
of the intergovernmental Panel on 
Climate Change (eds S. Solomon, 
D. Qin, M. Manning, Z. Chen, M. 
Marquis, K. B. Averyt, M. Tignor and 
H. L. Miller), pp. 747-846. Cambridge, 
UK: Cambridge University Press.

Meehl, G.A., Hu, A., Santer, B.D. (2009) The 
mid-1970s climate shift in the Pacific and the 
relative roles of forced versus inherent 
decadal variability. J Climate. 22, 780-792.

Mendehlsohn, R., Basist, A., Kurukulasuriya, 
P. and Dinar, A. (2007) Climate and rural 
income. Climatic Change. 81(1), 101-118.

Millar, I. (2007) Water Pressure: Climate 
Change and Adaptation in the Niger River 
Basin. Sustainable Development Opinion. 
London: IIED.

Min, S-K., Zhang, X., Zwiers, F.W. and 
Hegerl, G.C. (2011) Human contribution to 
more-intense precipitation extremes. nature 
470, 378-381.

22   Climate impacts on food security and nutrition Climate impacts on food security and nutrition   23



Met Office
FitzRoy Road, Exeter
Devon, EX1 3PB
United Kingdom

Tel: 0870 900 0100
Fax: 0870 900 5050
enquiries@metoffice.gov.uk 
www.metoffice.gov.uk

Produced by the Met Office and WFP’s Office for Climate Change, 
Environment and Disaster Risk Reduction.
© Crown copyright and United Nations World Food Programme 2012
12/0681
Met Office and the Met Office logo are registered trademarks

This report was prepared in good faith by the Met Office and WFP’s Office for Climate Change, Environment and Disaster Risk Reduction. 
Neither the Met Office nor WFP, nor its employees, contractors nor subcontractors, make any warranty, express or implied, or assume any 
legal liability or responsibility for its accuracy, completeness, or any party’s use of its contents. The views and opinions contained in the report 
do not necessarily state or reflect those of the Met Office or WFP.

All rights reserved. The material featured in this publication is subject to Crown copyright protection unless otherwise indicated. No part of 
this publication may be reproduced, copied or transmitted in any form or by any means, electronic, mechanical, photocopying, recording, 
or otherwise save with written permission or in accordance with the provisions of copyright license available from the Met Office or WFP. 

Licences and further information can be obtained from the 
Met Office IPR Officer, FitzRoy Road, Exeter, Devon, EX1 3PB 
Email: iprmanager@metoffice.gov.uk
This publication may not be lent, sold, hired out or otherwise disposed of by way of trade in any form of binding or cover. 


