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This report serves three purposes. 
First, to raise awareness that climate change is already impacting the food security and 

nutrition of the most vulnerable, and that if action is not very quickly taken, climate change 
will increasingly threaten the achievement of the goal to eradicate hunger. This is one more 
reason for governments to take ambition action to tackle climate change in all sectors. 

Second, to describe precisely the pathways by which climate change finally impacts the food 
security of people, and to show the range of actions needed. Understanding these pathways 
and the potential responses, not only technical, but also from social protection to strengthened 
international cooperation, is indispensable. It grounds FAO’s action to eradicate hunger 
and malnutrition. 

Third, it also aims to fuel the ongoing discussions on how to operationalize adaptation to 
climate change, and to show that food security and nutrition, as well as the agriculture sectors 
that support it, should be a priority area of intervention. As such, it also aims to answer the 
adaptation needs and demands conveyed by many countries in their Intended Nationally 
Determined Contributions for COP21.

This report brings together evidence from the IPCC, updated by the latest scientific findings 
and enriched by FAO’s knowledge  and experiences on the ground. It provides an overview of 
the cascading impacts of climate change on food security and nutrition, from physical impacts 
on agro-ecosystems to livelihoods and food security. It describes how the cascade of impacts 
acts on a series of vulnerabilities. It presents ways to adapt and build resilience to climate 
change to ensure food security and nutrition. It shows the importance to act now on climate 
change: to eliminate hunger; to enable the agriculture sectors to adapt to climate change. It 
also recalls the urgency to mitigate climate change in order to keep it at levels where it is still 
possible to ensure and safeguard everyone’s food security and nutrition. 

I. RISKS: CLIMATE CHANGE IMPACTS ON FOOD SECURITY – OVERVIEW OF 
LATEST KNOWLEDGE
The latest IPCC report confirms the main findings of previous IPCC reports on the evolution of 
the climate as well as its main physical effects, such as consequences for land and ocean temperature 
change, sea level rise and ocean acidification. It also brings better understanding of potential 
spatial changes in precipitation, in intensity and seasonal distribution. Moreover, improvements 
in modelling as well as in data collection and use enable us to improve the projections of climate 
change impacts in the medium term and at local scales. These improvements are of crucial 
importance to better understand and project potential impacts on agricultural systems.

Climate change generates considerable uncertainty about future water availability in many 
regions. It will affect precipitation, runoff and snow/ice melt, with effects on hydrological 
systems, water quality and water temperature, as well as on groundwater recharge. In 
many regions of the world, increased water scarcity under climate change will present a 
major challenge for climate adaptation.  Sea-level rise will affect the salinity of surface and 
groundwater in coastal areas.

Climate change is likely to affect the frequency and intensity of extreme events. The 
magnitude of impacts of extreme events on agriculture is already high. FAO's recent analysis 
of 78 post-disaster needs assessments in 48 developing countries spanning the 2003–2013 
period shows that 25 percent of all economic losses and damages inflicted by medium- and 
large-scale climate hazards such as droughts, floods and storms in developing countries affect 
the agriculture sectors.

Climate change is profoundly modifying the conditions under which agricultural 
activities are conducted
Climate change has both direct and indirect impacts on agricultural production systems.  Direct 
impacts include effects caused by a modification of physical characteristics such as temperature 
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levels and rainfall distribution on specific agricultural production systems. Indirect effects are 
those that affect production through changes on other species such as pollinators, pests, disease 
vectors and invasive species. These indirect effects can play a major role. They are much more 
difficult to assess and project given the high number of interacting parameters and links, many 
of which are still unknown. 

The projected impacts of climate change on major crop yields are now well documented, 
based on two decades of research. Globally, negative impacts are more commonly found than 
positive ones. Observations of the effects of climate trends on crop production indicate that 
climate change has already negatively affected wheat and maize yields in many regions, as  
well as globally. 

According to results from major agricultural model inter-comparison projects, despite 
remaining uncertainties related to how models account for the representation of combined 
carbon dioxide fertilization, ozone stress and high temperature effects, there is agreement on 
the direction of yield changes in many major agricultural regions at both low and high latitudes, 
with strong negative impacts especially at higher levels of warming and at low latitudes. IPCC 
has expressed high confidence for crop production to be consistently and negatively affected 
by climate change in the future in low-latitude countries, while climate change may have 
positive or negative effects in northern latitudes. Although some high-latitude regions may 
become more climatically viable for crops, soil quality and water availability might constrain 
sustained agricultural production increases in these locations. 

A recent multi-model study using IPCC’s highest scenario of warming  found a mean effect 
on yields of four crop groups (coarse grains, oil seeds, wheat and rice, accounting for about 
70 percent of global crop harvested area) of minus 17 percent globally by 2050 relative to a 
scenario with unchanging climate. The hypothesis for this multi-model assessment combined 
the most extreme radiative forcing scenario with an assumption of limited CO2 fertilization 
effects in 2050, but has not included the deleterious effects of increased ozone concentrations 
and biotic stresses from a range of pests and diseases, nor the likelihood of increased occurrence 
of extreme events. After 2050, the risk of more severe impacts increases. Overall, findings 
indicate that climate change will also increase crop yield variability in many regions. Potential 
impacts on other crops than major cereals have been less studied.

The models used to make projections of crop yields generally do not take into account the 
impacts of climate change on the functioning of ecosystems, such as the balance between crops, 
weeds and pests, nor the effects on pollinators. Pests and diseases are likely to move, following 
climate change, affecting areas previously immune, and thus less prepared, biologically and 
institutionally, to manage and control them, with potentially higher negative impacts. These 
changes may also counter-balance direct positive effects of climate change. For instance, in 
high-latitude regions, climatic conditions will become more favourable to crops, but also to 
weeds and pests.   

Climate change affects livestock production in multiple ways, both directly and 
indirectly. The most important impacts are experienced in animal productivity and health 
as well as, yields of forages and feed crops. In various countries in sub-Saharan Africa, 20 to 
60 percent losses in animal numbers were recorded during serious drought events in the past 
decades. In South Africa, dairy yields may decrease by 10 to 25 percent because of climate 
change. Increased temperatures and reduced precipitation can cause important drops in forage 
production, such as the 60 percent deficit of green fodder during the 2003 summer in France. 

Climate change and climate variability are impacting forests and their capacity to deliver 
the wide range of goods and environmental services on which an estimated 1.6 billion people 
fully or partly depend for their livelihoods and resilience. Evidence shows that in various regions 
climate change is contributing to decreased productivity and dieback of trees from drought 
and temperature stress, increased wind and water erosion, increased storm damage, increased 
frequency of forest fires, pest and disease outbreaks, landslides and avalanches, changes in 
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ranges of forest plants and animals, inundation and flood damage, saltwater intrusion and sea-
level rise, and damage from coastal storms. This can jeopardize the contribution of forests to 
the resilience of agricultural systems, such as for instance the water and temperature regulation 
at landscape level and the provision of habitats for important species like pollinators.

Climate change affects capture fisheries and the development of aquaculture in marine 
and freshwater environments. Impacts occur as a result of both gradual atmospheric warming 
and associated physical (sea and inland water surface temperature, ocean circulation, waves and 
storm systems) and chemical changes (salinity content, oxygen concentration and acidification) 
of the aquatic environment. Increased occurrence of coral reef bleaching has been observed, 
threatening habitats of one out of four marine species. Various fish species are already migrating 
poleward, resulting in the rapid “tropicalization” of mid- and high-latitude systems. A large-
scale redistribution of global marine fish catch potential is forecast, with a decrease of up to 
40 percent in the tropics, and an increase of 30 to 70 percent in high-latitude regions.  In the 
Mediterranean, it has been observed that invasive species from lower-latitude regions have 
arrived in recent years at the rate of one new introduction every four weeks. Abundance and 
species diversity of riverine fish are particularly sensitive to disturbances in the quantity and 
timing of water flows, and especially to lower water levels during dry seasons. Pressures on river 
flows may be exacerbated by human action to retain water in reservoirs and irrigation channels.

Favourable conditions for all production will move geographically. Optimizing these 
conditions will thus require changes in crops, livestock, trees, and aquatic species breeding 
and management.  To benefit from potential positive effects, such as longer growing seasons 
in some cold regions, would, in most cases, require significant changes in agricultural systems 
and practices, to adapt to new conditions and counteract potential negative changes, such as 
proliferation of pests, in order to effectively translate into production growth. 

Impacts on production translate into economic and social consequences, affecting 
food security 
Impact translates from climate to the environment, to the productive sphere, to economic and 
social dimensions, bringing a range of additional risks on availability of food, on access to food 
and utilization of food, as well as on the stability of these characteristics, for both farm and 
non-farm households. 

At the farm/household level, climate change impacts may reduce income level and 
stability, through effects on productivity, production costs or prices. Such variations can drive 
sales of productive capital, such as cattle, which reduces long-term household productive 
capacity.  Exposure to risks lowers incentives to invest in production systems, often with 
negative impacts on long-term productivity, returns and sustainability.  Reductions and 
risks to agricultural income have also been shown to have effects on household capacity and 
willingness to spend on health and education. Evidence from recent analyses of the impacts of 
various types of weather anomalies on farm income indicates that the impacts are greatest for 
the poorest farmers.  

At national level, exposure to climate risks can trigger shocks on agricultural production 
and food availability, with risks of market disruptions, effects on supply and storage systems, 
as well as increases in agricultural commodity prices (food and feed), impacting accessibility 
and stability of food supplies for the entire population, particularly in countries with 
significant shares of the population spending a large part of their income on food. This triggers 
macro-economic effects for countries for which agriculture is an important part of GDP and/
or constitutes an important source of employment.  Climatic risks can also hinder agricultural 
development by discouraging investments. 

At global level, climatic shocks impacting areas of global importance for food supplies can 
have remote impacts through effects on: (i) supply flows and food price spikes, with increased 
market volatility; and (ii) impacts on bilateral contracts and/or import/export behaviour, 
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Figure 1. Schematic representation of the cascading effects of climate change impacts on food security 
and nutrition. 
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with disruption of trade patterns. Food price volatility is likely to be exacerbated by climate 
change. Trade is expected to play a major role in adjusting to climate-change-driven shifts in 
agricultural and food production patterns. Recent experience indicates that climate change 
effects on food price volatility are greatly influenced by domestic policies, with export bans 
contributing to price fluctuations. Ultimately, global markets will not be accessible to the 
poorest countries and the poorest populations without sufficient purchasing power.

Climate change affects food security in all its dimensions: access, availability, 
utilization and stability 
As shown above, climate change affects food production, and thus food availability. Climate 
change will impact the livelihoods and income of small-scale food producers and also, through 
food price increases and volatility, the livelihoods of poor net food buyers, restricting access 
to food. Impacts of climate change on nutrition have been much less studied. Studies point 
to potential changes in the nutritional quality of some foods (e.g. reduced concentration in 
proteins and in some vitamins and minerals), due to elevated CO2, particularly for flour from 
major cereals and cassava. Climate change can have a variety of impacts on the quality of 
drinking water, which is key to the good absorption of nutrients. Climate change has been 
found to have an impact on food safety, particularly on incidence and prevalence of food-borne 
diseases. Increased climate variability, increased frequency and intensity of extreme events as 
well as slow ongoing changes will affect the stability of food supply, access and utilization. 

Net effects of climate change on food security depend on vulnerabilities of  
affected systems 
The net impacts of climate change on food security and nutrition depend on the magnitude of 
the climate change effects themselves, and on the underlying vulnerabilities of food systems.  
At each stage of the “cascade of impacts”, vulnerabilities exacerbate net impacts. In addition, 
vulnerability can increase over time if systems/households face repeated shocks that steadily 
erode their asset base and capacity to respond. 

The populations at greatest risk are those that are dependent on agriculture and natural 
resources, with livelihoods that are highly exposed to climate change impacts, and who 
have very limited capacity to respond. In regions with high levels of food insecurity and 
inequality, increased frequency of droughts will particularly affect poorer households and 
may disproportionately affect women, given their vulnerability and restricted access to 
resources. Gender and social differences discriminate people’s access to adaptation options, 
or even information, such as weather and climate data. Indigenous peoples, who depend on 
the environment and its biodiversity for their food security and nutrition, are at high risk– 
especially those living in areas where significant impacts are expected such as the Arctic, 
mountain areas, the Pacific islands, coastal and other low-lying areas. Fishers, fish farmers, 
post-harvest workers and their dependent communities and infrastructure are particularly 
exposed. In some cases, to cope with risks and changes, the only option can be to migrate, 
nationally or internationally, with a range of implications. 

II. RESPONSES: ENSURING FOOD SECURITY AND GOOD NUTRITION IN THE 
CONTEXT OF CLIMATE CHANGE 
The second part of the report focuses on a range of the most important adaptation actions in 
the face of climate change, from a food security and nutrition perspective. The section shows 
how ensuring food security and good nutrition in a changing climate relies on the mobilization 
of a wide range of instruments targeting different levels, from social protection to international 
instruments, in order to improve resilience from households to agricultural and food systems. 
The analysis focuses, in each category of instruments, on some emblematic tools.
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Mobilize social protection to increase resilience of livelihoods in the face of  
climate change
A major and urgent area for intervention is increasing the resilience (and thus reducing the 
vulnerability) of livelihoods, particularly among the poor who are highly dependent on natural 
resources and exposed to climate risks 

Social protection programmes are essential in this effort, with proven effectiveness in 
breaking the vicious cycle of poverty and hunger. Social protection covers a wide array of 
instruments and objectives, encompassing both safety nets and “safety ropes”, i.e., mechanisms 
that enhance income-generating abilities and opportunities for the poor and vulnerable. 
Adequate, well-designed social protection would tackle some of the main vulnerabilities 
of households to climate risks. Income provided to the poor and hungry through social 
protection can enable them to access sufficient food to meet their basic nourishment needs, 
without compromising the future productivity of their livelihoods. Such actions will be 
particularly efficient if targeted to the needs of women.

In a recently released report, FAO, IFAD and WFP showed that it would be possible to 
end extreme poverty and hunger by 2030, by combining public investment in social protection 
with public and private efforts to raise investment levels in productive sectors, – especially in 
rural areas and particularly in agriculture sustaining pro-poor and gender-inclusive growth. 
The overall required effort would amount to an estimated average of USD267 billion per 
year during 2016–2030. Climate change makes these investments even more necessary. It 
also challenges the long-term realization of the objective of eradicating hunger, requiring the 
maintenance of significant safety nets and safety ropes, as well as additional investments to 
cope with additional risks. 

These actions will need to be supplemented by disaster risk reduction and disaster risk 
management (DRR/DRM) strategies to address the risks of extreme events. A change in 
the approach to disaster risk reduction is required, in order to prioritize the reduction and 
proactive management of risks rather than reacting to events. Field-based evidence shows 
that DRR is cost-effective: for every USD1 spent on DRR, USD2–4 are returned in terms of 
avoided or reduced disaster impacts.

Build resilience of agricultural systems
Agricultural systems can be made more resilient, by implementing measures that are very 
system- and local-specific. Individual farmers, forest dwellers, fisherfolk and those along the 
supply chain will need to adopt a suite of measures, the details of which will be contingent on 
individual circumstances. Broad adaptation strategies can be identified. 

Increasing the efficiency of scarce resource use in productive systems, particularly water, 
is an important aspect of building resilient livelihoods. Climate change is altering rainfall and 
water availability patterns, making capacity to deal with water scarcity (or overabundance) 
essential to maintaining productivity levels.  Adaptation measures can include water harvesting 
and storage, access to irrigation, improved irrigation technologies, as well as agronomic 
practices that enhance soil water retention such as minimum tillage, and increase in soil carbon 
and organic matter, among others. 

Adaptation measures for crops can include the use of adapted varieties or breeds, with 
different environmental optima and/or broader environmental tolerances, including currently 
neglected crops, also considering that increased diversification of varieties or crops is a way to 
hedge against risk of individual crop failure. Adaptive changes in crop management – especially 
planting dates, cultivar choice and sometimes increased irrigation – have been studied to 
varying extents and are generally estimated to have the potential to increase yields by about 
7–15 percent on average, though these results depend strongly on the region and crop being 
considered. Changes in post-harvest practices, for example the extent to which grain may 
require drying and how products are stored after harvest.
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A range of adaptation options is available for livestock production at different scales: animals, 
feeding/housing system, production system and institutions. They differ between small-scale 
livestock production with low market integration and large-scale production with high market 
integration. In particular, breeding livestock but also feed crops and forages is a major component 
of building resilience to climate change. Many livestock breeds are already well adapted to high 
temperatures and harsh environments, but their wider diffusion is restricted by the limited extent 
to which they have been characterized and improved in structured breeding programmes and 
by trade constraints. Adaptation-related traits are more difficult to study and to record than 
production traits, have lower heritability, higher levels of non-additive genetic variation and 
phenotypic variance, and are more susceptible to genotype-by-environment interaction. 

Healthy, diversified forest ecosystems are more resilient: they are better able to cope 
with stress, recover from damage and adapt autonomously to change. Healthy ecosystems 
are more resilient to negative biotic and abiotic influences than are ecosystems under stress 
whose ecological processes are impaired. Best practices include integrated pest management, 
disease control, forest fire management, employment of reduced impact logging in production 
forests, limitation of gathering of non-wood forest products or livestock grazing in forests at 
sustainable levels, and forest law enforcement. Restoring degraded forests to healthy states, 
thereby re-establishing ecosystem functions, is a major strategy for increasing resilience.

Fishing and fish-farming practices and management will need to adapt to changing species 
composition and location and increased risks at sea. Changes in the distribution of fish, will 
require to adapt fishing effort, with flexible allocation and access schemes. Adaptation options 
to declining or variable yields in terms of fisheries technologies and management will need 
to be carefully assessed, to avoid exacerbating the overexploitation of fisheries or impacting 
habitats. For aquaculture, a set of adaptive practices has been identified, such as diversified and 
integrated aquaculture systems, water quality monitoring, species selection, selective breeding, 
genetic improvement, site selection, and improved cage and pond construction. 

Increasing the diversity within production systems will help spread risks. This can take 
many forms: combining different types of production (crop, forest, fish and livestock) in 
different ways; increasing the numbers of different species, populations, varieties or breeds; 
increasing the use of materials that are themselves genetically diverse such as crop multilines.

Adaptation action can be conducted at landscape level, for instance watershed protection 
and management, fire management, erosion control, coastal zone management, and pest 
and disease control. Adopting a landscape approach to management includes taking into 
consideration the physical and biological features of an area as well as the institutions and 
people who influence it. Landscape-level adaptation will require appropriate institutions and 
policies to improve coping capacities of communities.  

Invest in resilient agricultural development
Resilient agricultural development, and related investment, can support adaptation. 
Farmers, fisherfolk and forest dwellers need support from governments and from the private 
sector, and there is also an important role for civil society organizations. 

Investments in agriculture, and especially in smallholder agriculture, are key to 
eradicating poverty. As shown by the World Bank, growth in agricultural GDP from 
investments in agriculture is three times more effective than growth in any other sector for 
reducing poverty in countries highly dependent on agriculture. As shown by the High Level 
Panel of Experts on Food Security and Nutrition, agricultural development strategies should 
put smallholder and family farming at the centre. Such strategies, emphasizing access to 
markets and value addition shall also be part of broader rural development.

Rural and R&D investments needed to eradicate hunger could, to take into account climate 
change effects, be reoriented or complemented by additional investments and appropriate 
measures. Climate change adaptation investment could be joined-up with regular agricultural 
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investment programmes to scale-up effects. Public investment can help guide, enable and increase 
returns to private investments, such as for instance public investment in research, support to 
water management facilities and user associations, land restoration and extension services.  

Investments of farmers, fishers and forest dwellers need to be supported by increased 
capacity to take collective action, including for investments, and by strengthening the evidence 
base. For instance, mutualized systems to assess risks, vulnerabilities and adaptation options can 
help orient individual decisions and actions.  Weather observations at stations and by satellites, 
weather forecasts, climate projections, yield response models, environmental monitoring tools 
and vulnerability assessments can help determine how local climate conditions will change 
in the future, and what will be their impact on production. Integrated packages of tools 
for facilitating an interdisciplinary assessment of impacts of climate change on agriculture 
are already available. They are key to ground the set-up of early warning systems and of 
adaptation option assessments. 

Managing genetic resources is another key means of adaptation.  This requires large 
collective investments to preserve, characterize and valorize genetic resources, and also to 
revise the goals of breeding programmes. Breeding programmes take time to attain their goals 
and therefore need to start many years in advance.  In some places the introduction of new 
varieties and breeds is likely to be needed. Improvements to in-situ and ex-situ conservation 
programmes for domesticated species, their wild relatives and other wild genetic resources 
important for food and agriculture, along with policies that promote their sustainable use, are 
therefore urgently required.

Enable adaptation through policies and institutions
Appropriate policies and institutions at national and international levels are needed to 
enable, support and complement the economic and technical options presented above, to 
enable adaptation of food producers, and especially to support small-scale food producers in 
their efforts to adapt to climate change. 

Institutions  that generate and manage public goods are key, as well as those that 
generate and channel public investments. Dedicated policies and institutions are needed for 
the prevention and management of specific risks and vulnerabilities that can be modified by 
climate change, such as water scarcity, plant pests, animal diseases, invasive species and wild 
fires. Many of these policies and instutions are local and national. They can be effectively 
supported by international cooperation and tools, particularly to manage transboundary pests 
and diseases. Securing access of smallholder and family farmers, pastoralists and women to 
such public goods and services is essential.

Securing land tenure is paramount to enable farmers to benefit from the value added on 
the land and to encourage them in adopting a long-term perspective. The Voluntary guidelines 
on the responsible governance of tenure of land, fisheries and forests in the context of national 
food security adopted in 2012 by the Committee on World Food Security promote secure 
tenure rights and equitable access to land, fisheries and forests as a means of eradicating hunger 
and poverty, supporting sustainable development and enhancing the environment. They can 
play an important role. 

Collective management of natural resources, including land and water, is particularly 
important for adaptation, especially at landscape level. It requires specific institutions, often at 
local level. Policies and institutions need to account for the specificities and needs of pastoral 
systems and indigenous peoples in terms of management of natural resources, and their 
particular needs in terms of adaptation to climate change.

Improving land use and management, or changing farming systems can bring long-term 
adaptation benefits but often imply significant up-front costs either in inputs or labour,  
and/or reduced income during the transition period. Specific policies and instruments will be 
needed to enable those investments and facilitate the transition.  
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Gender-specific support services are needed, recognizing the differentiated roles of 
household members in production, consumption and the reproduction of the family unit over 
time. Government intervention is important to bridge gaps in economic and political power 
that can exist between smallholders and family farmers, their organizations and other food 
chain actors in accessing adaptation support, institutions and finance. 

Market development and better linkages of smallholder and family farmers to domestic, 
national and regional markets are important to support adaptation actions, to enable food 
producers to get the inputs needed to adapt, and to sell new products from a diversification of 
activities. Developing these market linkages also requires investment in small- and medium-
size food processors, and small-scale traders at the retail and wholesale levels. 

Policies will be needed to reduce financial risks, especially those related to price volatility, which 
is a major disincentive for smallholder and family farmers investment. Policies will also be needed 
to lower transaction costs, facilitate monetary transactions, enable access to financial services and 
facilitate long-term investments, such as safe savings deposits (with incentives to save), low-priced 
credit (such as through joint-liability group lending) and insurance (such as index-based weather 
insurance). Smallholder and family farmers’ financial needs for both working capital expenditures 
(fertilizers, seeds) and medium- and long-term investments, have to be addressed and supported.

The agriculture sectors are the most impacted by climate change of all economic sectors with, 
as this report shows, a range of food security implications. This calls for better recognizing, in 
climate policies and tools, the importance and the specificities of the agriculture sectors and 
of food security, and for integrating climate change concerns in food security and agricultural 
policies. Specific national climate-related instruments like adaptations plans, national adaptation 
plans of action (NAPA), prepared by least developed countries, and national adaptation plans 
(NAPs), aim to identify vulnerabilities to climate change and actions to be implemented. Most 
countries have also integrated agriculture and land use in their intended nationally determined 
contributions (INDCs). The countries that have included adaptation in their INDCs generally 
insisted on the importance of food security and of the agriculture sectors. 

Enhance markets and trade’s contribution to stability of food security
Global markets and trade can play a stabilizing role for prices and supplies and provide 
alternative food options for negatively affected regions. Climate impacts on future food supply 
suggest an enhanced role for trade given the modification of production patterns, and climate 
shocks. Attention has focused on three possible measures that could help reduce market 
volatility, namely limiting trade restrictions, widening and deepening markets, and improving 
the flow of information. A lack of reliable and up-to-date information on crop supply, 
demand, stocks and export availability contributed to recent price volatility on food markets. 
An agricultural market information system (AMIS) has been set up to monitor global markets 
of wheat, maize, rice and soybeans (production, utilization, stocks and trade) in order to detect 
situations that could require international policy action and, if necessary, bring together the 
main exporting and importing countries to identify and implement appropriate solutions.

Strengthen regional and international cooperation
With climate change, we are likely to see a “migration” of some production systems, including 
from one country to another. Strengthened regional and international cooperation will be 
needed to facilitate exchanges of knowledge on production systems and on adaptation options, 
undertake vulnerability assessments, exchange and give value to genetic material and practices, 
manage fish stocks and other transboundary resources, as well as to prevent and manage 
transboundary risks, like plant pests and animal diseases. 

It is likely that climate change will necessitate more international exchanges of genetic 
resources as countries seek to obtain well-adapted crops, livestock, trees and aquatic organisms. 
The prospect of greater interdependence in the use of genetic resources in the future underscores 
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the importance of international cooperation in their management today and to facilitate 
exchanges of these resources internationally, through fair and equitable – and ecologically 
appropriate – mechanisms. For plant genetic resources, the International Treaty on Plant 
Genetic Resources for Food and Agriculture, provides useful dispositions for the conservation 
of genetic resources, exchange of information, transfer of technology, capacity building and 
benefit sharing. Also, global cooperation to prevent and manage transboundary pests and 
diseases will be increasingly important. The International Plant Protection Convention, 
provides an example of a useful instrument to be mobilized. It promotes action to protect 
plants and plant products from the spread of pests, and sets out measures to control plant pests 
while minimizing interference with the international movements of goods and people. 

ACTING NOW ON CLIMATE CHANGE, TO ENSURE FOOD SECURITY FOR ALL, 
NOW AND IN THE FUTURE
Climate change brings a cascade of risks from physical impacts to ecosystems, agro-ecosystems, 
agricultural production, food chains, incomes and trade, with economic and social impacts on 
livelihoods and food security and nutrition.

The people who are projected to suffer the earlier and the worst impacts from climate change 
are the most vulnerable populations, with livelihoods depending on agriculture sectors in areas 
vulnerable to climate change. Understanding the cascade of risks, as well as the vulnerabilities 
to these risks, is essential to frame ways to adapt. Reducing vulnerabilities is key to reducing 
the net impacts on food security and nutrition and also to prevent long-term effects.

Increasing resilience of food security in the face of climate change calls for multiple 
interventions, from social protection to agricultural practices and risk management. 

The changes on the ground needed for adaptation to climate change in agriculture and food 
systems for food security and nutrition will need to be enabled by investments, policies and 
institutions in various areas. To be the most effective such interventions have to be part of 
integrated strategies and plans. Such strategies should be gender-sensitive, multi-scales, multi-
sectors and multi-stakeholders. They should be elaborated in a transparent way and consider 
the different dimensions (social, economic, environmental) of the issues and different time scales 
by which the changes will need to be implemented and supported. They should be based on 
assessments of risks and vulnerabilities, learn from experience and progresses, and be regularly 
monitored, assessed and updated. Middle- and high-income countries are increasingly carrying 
out regular assessments but countries without this capacity will need specific support. The 
National Adaptation Plan process set up under the UNFCCC provides the opportunity to 
integrate food security and nutrition as a key objective. Such national strategies and plans need 
also to be supported by enhanced regional and international cooperation.

Actions by different stakeholders are needed in the short term to enable responses in the short, 
medium and long term. Some medium- and long-term responses will need immediate enabling 
action and planning, and immediate implementation of investments, especially those investments 
that require longer time frames to be developed and arrive in the field: forestry, livestock 
breeding, seed multiplication, R&D, innovation and knowledge transfer to enable adaptation. 

For the world’s poor, adapting to climate change and ensuring food security go hand in hand.
A paradigm shift towards agriculture and food systems that are more resilient, more 

productive, and more sustainable is required.
The world needs to act now.
To eliminate hunger and malnutrition. 
To enable the agriculture sectors to adapt to climate change. 
To mitigate climate change in order to keep it at levels where it is still possible to ensure and 

safeguard everyone’s food security and nutrition. In that effort, agriculture has also a role to 
play, keeping in mind that food security is the priority.
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on a series of vulnerabilities. It presents ways to adapt and build resilience to climate change to 
ensure food security and nutrition. It shows the importance to act now on climate change: to 
eliminate hunger; to enable the agriculture sectors to adapt to climate change; and to mitigate 
climate change in order to keep it at levels where it is still possible to ensure and safeguard 
everyone’s food security and nutrition. 

The aim of this paper is to provide an overview of the effects of climate change on food 
security and nutrition, intended as its four dimensions, and to explore ways to reduce negative 
impacts through adaptation and resilience. As such, the scope of the paper does not cover 
greenhouse gas (GHG) emissions from the agriculture sectors nor means to reduce them.

This report serves three purposes. 
First, to raise awareness that climate change is already impacting the food security and 

nutrition of the most vulnerable, and that if action is not very quickly taken, climate change 
will increasingly threaten the achievement of the goal to eradicate hunger. This is one more 
reason for governments to take ambition action to tackle climate change in all sectors. 

Second, to describe precisely the pathways by which climate change finally impacts the 
food security of people, and to show the range of actions needed. Understanding these 
pathways and the potential responses, not only agronomics, but also from social protection to 
strengthened international cooperation, is indispensable to ground FAO’s action to eradicate 
hunger and malnutrition. 

Third, it also aims to fuel the ongoing discussions on how to operationalize adaptation of 
agriculture and food systems to climate change, and to show that food security and nutrition, 
as well as the agriculture sectors that support it, should be a priority area of intervention. As 
such, it also aims to answer the adaptation needs and demands conveyed by many countries 
in their Intended Nationally Determined Contributions for COP21.

Chapter 1 aims to identify and describe the pathways by which climate change impacts 
food security and nutrition. It starts by summarizing the main effects of climate change 
relevant to agriculture, livelihoods and food security. It then describes the main direct and 
indirect impacts on the agriculture sectors. This leads to consider impacts on livelihoods. The 
net impacts on food security and nutrition are the result of the interaction of the physical and 
economic shock/stressors with the underlying vulnerabilities. 

Chapter 2 reflects on how reducing vulnerabilities and building resilience can reduce 
the overall negative impacts on production, livelihoods and food security and nutrition. 
It examines various means to achieve this objective. First, by reducing vulnerability at 
household level through social protection and by addressing gender-specific vulnerabilities. 
Second, by reducing vulnerabilities in production systems, at farm level, through landscape 
approaches and by providing appropriate technological solutions. Third, by investing for 
a resilient agricultural development. Such an undertaking requires appropriate institutional 
arrangements and policies at local, national and international levels. The chapter concludes 
by synthetizing what needs to be done by the various actors, now, to enable resilient food 
systems for food security, now, and in the future.
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A. CLIMATE CHANGE IMPACTS ON 
FOOD SECURITY: OVERVIEW OF LATEST 
KNOWLEDGE 

Climate change is profoundly impacting the conditions in which agricultural activities are 
conducted. In every region of the world, plants, animals, and ecosystems are adapted to the 
prevailing climatic conditions. When these conditions change, even slightly, even in a direction 
that could seem more favourable, the plants and animals present will be impacted, some will 
become less productive, or even disappear. Some of these impacts can be easily predicted, 
like the direct impact of a heat wave on a specific plant at a specific moment of its growth 
(provided that it has been well studied enough). Others are more complex to predict, like 
the effect of a certain climatic change on a whole ecosystem, because each element will react 
differently and interact with the other. For instance, many cultivated plants react favourably, 
in controlled conditions, to an increase of CO2 in the atmosphere. But at the same time many 
weeds also react favourably. The result, in the field, can be an increase or decrease in yield of 
the cultivated plant depending on weeds competing for nutriments and water and on remedial 
agricultural practices. Pests and diseases are likely to move, following climate change, thus 
arriving in areas less prepared to them, biologically and institutionally, with potentially higher 
negative impacts.

These additional risks on agricultural production directly translate into additional risks 
for the food security and nutrition of the people who directly depend on agriculture for their 
food and livelihood. They can also have an impact on the food security and nutrition of distant 
populations through price volatility and disrupted trade. As shown in Figure 1, there is thus 
a cascade of risks from climate changes to agro-ecosystems, to agricultural production, to 
economic and social consequences and finally to food security and nutrition. 

This first chapter aims to show the multiple links through which climate change impacts 
food security and nutrition. It starts from knowledge about climate change itself, with a focus 
on recent knowledge improvements that are of major interest for the agriculture sectors. It 
then briefly recalls some of the main known impacts on crops, livestock, forestry, fisheries and 
aquaculture. The third section analyses the economic and social consequences of these impacts 
on agricultural production. The fourth section focuses on vulnerabilities (biophysical, social, 
institutional) to better understand the links leading from climate change to negative impacts 
on food security and nutrition, in order to be able to identify means to address them. The fifth 
section provides insight on how these translate into impacts on food security and nutrition in 
its four dimensions.

A.1 MAIN CLIMATE CHANGES OF IMPORTANCE FOR THE AGRICULTURE SECTORS
The latest IPCC report confirms the main findings of previous IPCC reports on the evolution 
of the climate as well as its main physical effects, such as consequences for land and ocean 
temperature change, sea-level rise and ocean acidification. It also brings better understanding 
of potential spatial changes in precipitation, in intensity and seasonal distribution. Moreover, 
improvements in modelling as well as in data collection and use enable making better 
projections on a medium-term perspective and at a much more localized scope. These 
improvements are of crucial importance to better understand and project potential impacts on 
agricultural systems. As stated in the Synthesis of the last IPCC report “cascading impacts of 
climate change can now be attributed along chains of evidence from physical climate through 
to intermediate systems and then to people” (IPCC, 2014a).
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Figure 1. Schematic representation of the cascading effects of climate change impacts on food security 
and nutrition. A range of physical, biological and biophysical impacts bear on ecosystems and agro-
ecosystems, translating into impacts on agricultural production. This has quantity, quality and price 
effects, with impacts on the income of farm households and on purchasing power of non-farm 
households. All four dimensions of food security and nutrition are impacted by these effects.
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There has been an increasing understanding of the scientific basis of what we know about 
climate change through the five rounds of IPCC reports. The projections of climate change 
will be revised in the next few years as the design and organization of the next phase of 
the Coupled Model Intercomparison Project (CMIP6) was finalized in late 2014 (WCRP, 
2014). Until CMIP6 is complete, IPCC AR5 provides the best consensus of climate chance 
projections. The magnitude of warming towards the end of the twenty-first century depends 
highly on GHG emissions for the next decades, which are driven by many socio-economic 
and technological factors, and climate policy. The Representative Concentration Pathways 
(RCPs) describe four different pathways of GHG emissions and atmospheric concentrations, 
air pollutant emissions and land use, from a stringent mitigation scenario (RCP2.6) to higher 
GHG emissions (RCP8.5) (IPCC, 2014a). In the relatively near term (up to mid-twenty-
first century) climate warming is determined by historical GHG emissions, internal climate 
variability, aerosol, land-use change and volcanic eruptions. Decadal climate prediction (from 
one year to several decades in advance) is a rapidly evolving field of science and will provide 
useful user-oriented information soon (Meehl et al., 2014).

As seawater continues to warm and glaciers and ice sheets are lost, global average sea 
level will rise during the twenty-first century faster than the past decades. In 2046–2065 
(relative to 1986–2005), global average sea-level rise is likely in the range of 0.17 to 0.32 m and  
0.22 to 0.38 m for the lowest and highest GHG concentration pathways, respectively (Church 
et al., 2013). It is also likely that there will be a significant increase in the frequency of future 
sea-level extremes in some regions. Ocean acidification in the surface ocean will follow the 
rise of atmospheric CO2 concentration. It is also likely that salinity will increase in the tropical 
and subtropical Atlantic, and a decrease in the western tropical Pacific is predicted over the 
next few decades.

Regional climates vary strongly by location, especially variables associated with the water 
cycle (e.g. precipitation). Climate models agree that the Mediterranean and Southern Africa 
will be drier in the future while there is less confidence in model projections in the Sahel and 
West Africa. Downscaling techniques (dynamical and statistical) have been applied to produce 
regional climate change projections. Many developed countries produce downscaled climate 
projections on their own.2 There are several multimodel intercomparison projects such as the 
Coordinated Regional Climate Downscaling Experiment (CORDEX)3, which covers almost 
all regions of the world in 14 different spatial domains. Through such initiatives, a large 
amount of high-resolution climate information is becoming available in regions like Africa4 
(Nikulin et al., 2012; Gbobaniyi et al., 2014) where localized future climate information had 
been scarce.

The projected change in global average temperature will likely be from 0.3 °C to 0.7 °C 
for the period 2016–2035 relative to the reference period 1986–2005 (Kirtman et al., 2013). 
The increase in temperature will be larger on the land than over the ocean and larger than 
the mean. It will be larger in the Arctic (IPCC, 2014b). There will be more frequent hot-
temperature extreme episodes over most land areas (IPCC, 2014b). Average precipitation will 
very likely increase in high- and parts of the mid-latitudes, and the frequency and intensity 
of heavy precipitation will also likely increase on average. The contrast in precipitation 
between wet and dry regions and between wet and dry seasons will increase. Short-duration 
precipitation events will shift to more intense individual storms and fewer weak storms are 
likely as temperature rises. Globally averaged, maximum windspeed and rates of precipitation 
from tropical cyclones will likely increase in the long run. In any given year, however, internal 

2	 For example: http://gdo-dcp.ucllnl.org/downscaled_cmip_projections/ for the United States of America; 
	 http://www.climatechangeinaustralia.gov.au/en/climate-projections/ for Australia
3	 http://www.cordex.org
4	 http://www.cordex.org/index.php/community/domain-africa-cordex
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natural climate variability can be large enough to mask climate-warming trends in the near-
term future, especially at local scales. 

The relatively large interannual climate variability in the near term underlines the importance 
of managing risks to food security from current climate variability and extreme weather events 
(see also Box 1 on El Nino). However, a growing body of literature also suggests current 
adaptations will not be sufficient for coping with long-term climate change impacts (Niang et 
al., 2014), and the need for strengthening adaptive capacities with investment in institutional 
and capacity development cannot be stressed enough.

Impacts of climate change on freshwater availability
An increase in temperature will trigger increased demand for water for evapotranspiration by 
crops and natural vegetation and will lead to more rapid depletion of soil moisture (FAO, 2013a).

Box 1: El Nino-Southern Oscillation 

El Niño-Southern Oscillation (ENSO) is a recurring cycle that refers to year-to-year variations in sea- 
surface temperatures, convective rainfall, surface air pressure, and atmospheric circulation that occur 
across the equatorial Pacific Ocean. The warm phase, in which the central and east-central equatorial 
Pacific Ocean warms, occurs at intervals of two to seven years (El Niño) and alternates with an opposite 
cold phase (La Niña) (Guilyardi et al., 2009). ENSO is known to affect weather events globally 
(teleconnection) such as, depending on location, warmer/colder or drier/wetter climate than normal 
conditions (potential droughts or floods), monsoon rainfall changes, and intensity and frequency of 
tropical cyclones. ENSO will very likely continue to be the dominant mode of interannual variability 
in the future (Christensen et al., 2013). It is not well understood how ENSO will change in the twenty-
first century, but the associated precipitation variability on regional scales is likely to increase due to 
larger moisture availability in the atmosphere.

Figure 2. How climate change affects all the elements of the water cycle and its 
impact on agriculture.
Source: FAO (2013b)



Climate change impacts on food security: overview of latest knowledge

7

Climate change is adding significant uncertainty to the availability of water in many 
regions in the future. It will affect precipitation, runoff and snow/ice melt, with effects 
on hydrological systems as well as on water quality, water temperature and groundwater 
recharge (see Figure 2). Climate change will also significantly impact sea level with potential 
impacts on the salinity of surface and groundwater in coastal areas. 

There are a number of challenges to estimate impacts of climate change on future water 
availability. First, there are a series of general circulation models and global climate models 
available, but they result in significantly different predictions of rainfall changes, especially 
at finer geographical scales. Second, changes in rainfall do not linearly correlate with changes 
in water availability: factors such as rainfall duration and intensity, surface temperature and 
vegetation all play a role in determining what percentage of rainfall is converted into surface 
water runoff into rivers, dams and wetlands, or into groundwater. Climate change will also 
reduce glaciers, which often play a key role to provide river flows in summer. Current models 
only imperfectly capture these mechanisms, and there is a need for more research to be able 
to more accurately assess national, regional and local impacts of climate change on water, 
particularly in areas of greatest vulnerability. The impacts of changed rainfall patterns on 
water quality have not been sufficiently studied; heavy rainfall may well increase pollutant 
loadings, which would impact the quality of raw water for agriculture, industries and other 
uses as well as for drinking purposes, exacerbating existing access and quality problems, even 
with conventional treatment (Jiménez Cisneros et al., 2014).

Climate change is projected to reduce renewable surface water and groundwater significantly 
in most dry subtropical regions (Jiménez Cisneros et al., 2014). This will intensify competition 
for water use. According to the IPCC (2012), there is “medium confidence” that “droughts 
will intensify in the twenty-first century in some seasons and areas, due to a combination of 
more variable precipitation and/or increased evapotranspiration”. This includes central and 
Southern Europe and the Mediterranean region, Central North America, Mexico and Central 
America, Northeast Brazil and Southern Africa. Reduction of rainfall in arid and semi-arid 
areas will translate into a much larger reduction in river runoff. In Cyprus, for instance, 
studies have shown that a 13 percent reduction in rainfall translates into a 34 percent reduction 
in runoff (Faurès, Bernardi and Gommes, 2010).

In many regions of the world, increased water scarcity under climate change will present 
a major challenge for climate adaptation. Globally, dry land has doubled since the 1970s and 
water storage in mountain glaciers significantly contracted. Climate model simulations for the 
twenty-first century consistently show yearly average of precipitation, river runoff and water 
availability increase in high latitudes and parts of the tropics, and decrease in some subtropical 
and lower mid-latitude regions. Increased precipitation intensity and variability are projected 
to increase the risks of flooding and drought, while water supplies stored in glaciers and snow 
cover are projected to decline, thus modifying water availability during warm and dry periods 
in regions supplied by melt water from major mountain ranges. In rivers receiving their water 
from glacier or snowmelt, as is the case for the 40 percent of the world’s irrigation supported by 
flows originating from the Himalayas (FAO, 2013a), high flows will occur earlier in the year.

As a result of climate change, freshwater availability increases in regions in the temperate 
zones but decreases in regions in the low latitudes, including prominent agricultural and 
heavily irrigated areas in India, China and Egypt (Elbehri and Burfisher, 2015). Constraints on 
freshwater availability in heavily irrigated areas, however, may lead to large reductions in the 
irrigated share of overall agricultural production, amplifying direct climate change impacts and 
increasing weather-induced variability in these regions. Liu et al. (2014) modelled how future 
climate-induced irrigation shortage will affect crop production, food prices and the resultant 
effects on bilateral trade patterns. Regional irrigation shortfalls tend to boost international 
agricultural trade and alter its geography. Finally, adaptation to climate change needs to 
carefully consider competing water uses and their various implications for food security and 
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nutrition (HLPE, 2015). Measures that can mitigate one type of adverse impact could also 
exacerbate another. For example, increased storage infrastructure to meet the water needs of 
irrigated agriculture arising from increased crop water demands, higher evapotranspiration 
and longer or more intense dry spells might exacerbate conflicts in river basins and negatively 
impact downstream fisheries.

A.2 IMPACTS ON AGRO-ECOSYSTEMS 
Climate change can have both direct and indirect impacts on agricultural production systems. 
We qualify here as direct impacts those that are directly caused by a modification of physical 
characteristics such as temperature levels and distribution along the year and water availability 
on a specific agricultural production. Indirect effects are those that affect production through 
changes in other species such as pollinators, pests, disease vectors, invasive species. Direct 
effects are easier to predict because they can be simulated and/or easily modelled. They are 
now quite well projected for main staple crops. There are fewer confirmed results for many 
plants, livestock and aquaculture. Indirect effects, which can play a major role, particularly 
in less controlled environments such as for forestry and fisheries, are much more difficult to 
model given the high number of interacting parameters and links, many of which are often not 
known yet. In some cases, to predict impacts, either a reference to a comparable system under 
the predicted climate or to the observation of the impacts of a comparable climate change on 
another system can be of use.

A.2.1 Crops 
The observed effects of past climate trends on crop production are evident in several regions 
of the world (Porter et al., 2014), with negative impacts more common than positive ones, 
including several periods of price spikes following climate extremes in key producing regions. 
There is evidence that climate change has already negatively affected wheat and maize yields 
in many regions and also at global level (Lobell, Schlenker and Costa-Roberts, 2011). The 
increased frequency of unusually hot nights in most regions is damaging for most crops, with 
observed impacts on rice yields and quality.

Several methods and many distinct crop models and model types can be used to estimate 
how future climate change will affect crop production. Convergent research results from 
globally consistent, multimodel climate change assessment for major crops with explicit 
characterization of uncertainty (Frieler et al., 2015; Rosenzweig et al., 2014) show that climate 
change will fundamentally alter global food production patterns. Negative crop productivity 
impacts from climate change for wheat, rice and maize – everything else being equal given 
present day agricultural areas, levels of management and technology – are expected in low-
latitude and tropical regions, even at low levels of warming. 

Impacts in the mid to high latitudes are expected to be more mixed, especially at lower 
levels of warming (IPCC, 2014a). Some high-latitude regions are expected to benefit – 
sometimes substantially – from warmer temperatures and longer growing seasons; however, 
other environmental conditions, such as soil quality issues in the far north, will likely 
constrain expansion (Porter et al., 2014; FAO, 2015a). Spatial differences are also observed 
at regional and subregional scales, particularly where there are substantial differences in 
elevation. Contrasted impacts between high- and low-latitude regions indicate that climate 
change is likely to exacerbate existing imbalances between the developed and developing 
world (Elbehri, Elliott and Wheeler, 2015). Overall climate change will also increase 
variability in crop yields in many regions.

Effects of temperature are generally well understood up to the optimum temperature for 
crop development. Effects above these optimum temperatures are much less known. Studies 
also show a large negative sensitivity of crop yields to extreme daytime temperatures around 
30 °C to 34 °C depending on the crop and region. 



Climate change impacts on food security: overview of latest knowledge

9

The effect of climate change on crop yield will depend on many parameters: temperature, 
precipitation patterns and atmospheric CO2 increase given the stimulatory effect of elevated 
atmospheric CO2 on plant growth (increasing the rate of leaf photosynthesis and improving 
the efficiency of water use) in most cases, especially for C3 crops like wheat and rice. 
There are uncertainties related to the interactions between CO2, nitrogen stress and high 
temperature effects. The response of crops is genotype-specific. Recent results also confirm 
the damaging effects of elevated tropospheric ozone on crop yields, with estimates of losses 
for soybean, wheat and maize in 2000 ranging from 8.5 to 14 percent, 4 to 15 percent,  
2.2 to 5.5 percent, respectively (Porter et al., 2014).

The recent consolidated study on the impact of global climate change on agriculture, 
conducted in the framework of the Agricultural Model Intercomparison and Improvement 
Project (AgMIP) and Inter-Sectoral Impact Model Intercomparison Project (ISI-MIP), finds 
that by 2100 the impact of climate change on crop yields for high-emission climate scenarios 
ranges between –20 and –45 percent for maize, between –5 and –50 percent for wheat, 
between –20 and –30 percent for rice, and between –30 and –60 percent for soybean (Müller 
and Elliott, 2015). Assuming full effectiveness of CO2 fertilization, climate change impacts 
would then range between –10 and –35 percent for maize, between +5 and –15 percent for 
wheat, between –5 and –20 percent for rice, and between 0 and –30 percent for soybean. If 
nitrogen limitations are explicitly considered, crops show less profit from CO2 fertilization 
(Müller and Elliott, 2015) and amplified negative climate impacts.

A recent multimodel study using IPCC’s high scenario of end-of-century radiative forcing 
of 8.5 W/m2 found a mean effect on yields of four crop groups (coarse grains, oil seeds, 
wheat and rice, accounting for about 70 percent of global crop harvested area) of –17 percent 
globally by 2050 relative to a scenario with unchanging climate (Nelson et al., 2014a). The 
hypothesis for this multimodel assessment combined the most extreme radiative forcing 
scenario with an assumption of limited CO2 fertilization effects in 2050, but has not included 
the deleterious effects of increased ozone concentrations and biotic stresses from a range of 
pests and diseases, nor the likelihood of increased occurrence of extreme events.

Major agricultural producers in temperate zones, such as the European Union for wheat 
or the United States of America for maize, can be subject to strong negative impacts of 
climate change, due to: reduced water availability during the growing season; more frequent 
and intense heat events, which are most damaging during flowering (Müller and Elliott, 
2015); and accelerated phenology, which can lead to reduced biomass production. However, 
these regions also tend to have more flexibility for adaptation. 

Maize, sorghum and millet occupy the highest crop areas for all of Africa, but with 
considerable variation across regions. An International Food Policy Research Institute 
(IFPRI) climate change impact study on crop yields in Africa (Thomas and Rosegrant, 
2015) shows significant geographical variation of impacts, indicating that, while most direct 
climate change impacts will be negative, there will be positive impacts on yields in some areas 
with projected increases in precipitation, and in some elevated areas that will be able to be 
cultivated due to warmer temperatures. 

Several studies based on coupling climate and crop models indicate that the agro-ecological 
potential of the grain-producing zone of Central Eurasia may increase due to warmer 
temperatures, longer growing seasons, decrease of frosts and positive impact of higher 
atmospheric concentrations of CO2 on crops, while other modelling experiments project 
the decline of agricultural potential due to increasing frequency of droughts (Lioubimtseva, 
Dronin and Kirilenko, 2015). Agro-ecological projections driven by climate change scenarios 
suggest that the grain production potential in Russian Federation, Ukraine and Kazakhstan 
may increase due to a combination of winter temperature increase, extension of the growing 
season, and CO2 fertilization effect on agricultural crops; however, the most productive 
semi-arid zone could suffer a dramatic increase in drought frequency. 
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In a study on the likely impacts of climate change in agriculture in Norway, Uleberg et al. 
(2014) noted that, despite challenges such as unstable winters, increased autumn precipitation 
and possibly more weeds and diseases, a prolongation of the current short growth season 
together with higher growth temperatures can give new opportunities for agriculture in the 
region, but that it will require tailored adaptive strategies, breeding of new plant varieties, 
changes in sowing calendar and crop rotation, etc. – adaptive changes that seem feasible given 
the agronomical knowledge base in the region. 

The impact on other crops and higher nutritional value products (such as roots and 
tubers, pulses, vegetables, fruits and other horticultural products) than the major staple 
crops has been much less studied (HLPE, 2012a), despite their importance for nutrition 
and livelihood opportunities. Earlier flowering and maturity have been observed worldwide 
for grapes, apples and other perennial horticultural crops (Porter et al., 2014). Some recent 
studies suggest that cassava could benefit as it is characterized by high optimum temperature 
for photosynthesis and growth and a positive response to CO2 increase. Winter chill 
accumulation, which is important for many fruit and nut trees, is expected to continue to 
decline. Several studies have projected negative impacts on apples and cherries in the United 
States of America. Reductions in suitability for grapevines are expected in most wine-
producing regions. In Brazil, sugar cane and coffee are expected to move to more favourable 
zones. Suitability for coffee in Costa Rica, Nicaragua and El Salvador is expected to be 
reduced by 40 percent (Porter et al., 2014).

Potential impacts from changes in relations between species
The models used to make projections of crop yields generally do not take into account the 
impacts of climate change on the functioning of ecosystems such as the balance between crops 
and weeds, pests, nor the effects on pollinators. These can have potentially important effects 
and in particular may counter-balance direct positive effects of climate change in some regions. 
There are, for instance, concerns that in high-latitude regions climate change will favour 
proliferation of pests (Uleberg et al., 2014). Pests are defined as “any species, strain or biotype 
of plant, animal or pathogenic agent injurious to plants or plant products” (FAO, 2015b). An 
estimated 10–16 percent of global harvest is lost to plant pests each year. The cost of these 
losses is estimated to be at least USD220 billion (Chakraborty and Newton, 2011). Weeds have 
been noted to be the highest potential cause of losses, estimated at 36 percent (Oerke, 2006). 
Estimations of climate change impacts on plant health are based on three types of information: 
already observed effects of climate change on plant diseases, extrapolation from expert 
knowledge and experimental studies, and computer models (Pautasso et al., 2012). Changes in 
climate and CO2 concentration will enhance the distribution and increase the competitiveness 
of agronomically important and invasive weeds. There are important potential interactions 
with CO2 and ozone concentrations, calling for specific systemic assessments.

Climate change may increase the impact of pests by allowing their establishment in areas 
where they could previously not establish. Changes in temperature can result in changes in 
geographic ranges and facilitate overwintering. Some species could therefore extend their 
geographic range towards the pole and to higher altitudes (Porter et al., 2014; Svobodová 
et al., 2014). For instance, the increase of temperatures in the Mediterranean Basin allows 
the establishment of tropical species that were not able to thrive in the region so far. This is 
the case for water hyacinth that recently established in Sardinia, while it was thought to be 
confined to higher temperatures. 

Climate change may also increase the impact of pests by allowing them to appear earlier 
in the season due to higher temperatures. Potential changes in temperature, rainfall and wind 
patterns associated with climate change are expected to have a dramatic effect on desert locust in 
Africa (see Box 2), the most dangerous of all migratory pests (Cressman, 2013). In Finland, over 
70 years, earlier and more frequent epidemics of potato late blight (Hannukkala et al., 2007) have 
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been observed. In the United States of America, the potato leafhopper (Empoasca fabae) appears 
now on average ten days earlier than in the early 1950s, and its infestations are more severe in the 
warmest years. With over 200 plant species recorded as potential hosts for this pest, its earlier 
arrival causes millions of dollars of losses each year (Baker, Venugopal and Lamp, 2015). 

Stem and stripe rusts are important diseases of wheat, and moisture, temperature and wind 
are the three most important weather factors affecting epidemics (Luck et al., 2011). They are 
especially serious in the Near East, Central Asia and Eastern and Northern Africa, creating 
severe epidemics and causing significant losses in wheat production. With climate change, they 
are likely to move and arrive in areas less prepared.

Studies also predict increased generations under climate change, such as for the coffee 
nematode in Brazil (Ghini et al., 2008) and walnut pests in California (Luedeling et al., 2011), 
as well as for several crop pest species in Europe (Svobodová et al., 2014).

Plant pests can migrate or be introduced through the millions of plants and plant products 
such as grain, vegetables, fruits and wood that are traded across the globe. Increased volumes 
and types of commodities being exported to an increasing number of countries increase the 
risk of pests contaminating consignments. 

Importantly, negative impacts can also be expected because of the increased vulnerability of 
plants weakened by the direct impacts of climate change, as part of the classic triangle between 
plant hosts, pathogens and environment in causing disease (Pautasso et al., 2012).

Changes are also occurring in the distribution and properties of pollinators and other 
species that make essential contributions to production through the ecosystem services they 
provide (FAO, 2011b). Approximately 80 percent of all flowering plant species are pollinated 
by animals, including vertebrates and mammals – but the main pollinators are insects. 
Pollinators such as bees, birds and bats affect 35 percent of the world’s crop production, 
increasing outputs of 87 of the leading food crops worldwide, as well as many plant-derived 
medicines. Pollination was estimated to be worth EUR153 billion worldwide in 2015 (Gallai 
et al., 2009) and contributes to the yield and quality of at least 70 percent of the world’s major 
food crops, especially many nutritionally significant fruit and vegetable crops (Klein, Steffan 
Dewenter and Tscharntke, 2003).

Pollination depends to a large extent on the symbiosis between species, the pollinated and 
the pollinator. In many cases, it is the result of intricate relationships between plants and 
animals, and the reduction or loss of either will affect the survival of both. There is growing 
concern that the impact of climate change can affect this symbiosis – for example, by disrupting 
the synchronicity of the plant/pollinator relationship due to pollinators’ sensitivity to high 
temperatures, together with entomophilous crop sensitivity to high temperatures/drought. In 
the tropics, most pollinators are already close to their optimal range of temperature tolerance 
(hence effects of climate change on crop pollination are expected to be most severe here). 

Until recently, there was a paucity of information on effects of climate change on pollinators 
and pollination. There is now a growing body of literature addressing the consequences of 
warming for phenological and distributional shifts, and some on the physiological responses 
of plants and insect pollinators to climate warming. A diverse assemblage of pollinators, with 
different traits and responses to ambient conditions, is one of the best ways of minimizing 
risks due to climatic change. The “insurance” provided by a diversity of pollinators ensures 
that there are effective pollinators not just for current conditions, but for future conditions as 
well. Resilience can be built in agro-ecoystems through biodiversity.

A.2.2 Livestock and pastoral systems 
Of the one-third of all humankind for whom farming is a source of livelihood, about  
60 percent own livestock. Nearly 800 million livestock keepers live with less than USD2 a day 
(FAO, 2011b). Livestock are a rapidly growing subsector, with already 40 percent of global 
agricultural GDP, and it is key to food security in all regions. They produce 13 percent of 
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kcal consumed globally and 25 percent of protein. In mixed systems, livestock consume crop 
residues and by-products and produce manure used to fertilize crops. Cattle, camels, horses 
and donkeys also provide transport and draught power for ploughing croplands, In drylands, 
livestock are the only option to turn a sparse and erratic biomass resource into edible products. 
Livestock are a major asset among rural communities, providing a range of essential services, 
including saving, credit and buffering against climatic shocks and other crises. Beyond 
agriculture and food security, the income from livestock thus directly contributes to education 
and human health. In sub-Saharan Africa, more than one person in two keep livestock and one 
in three can be considered as poor livestock keeper (FAO, 2012a). Livestock, especially small 
ruminants and chicken, are also key to women’s empowerment and gender equity.

Climate change affects livestock production in multiple ways, both directly and indirectly. 
The most important impacts are experienced in animal productivity, yields of forages and feed 
crops, animal health and biodiversity, as summarized in Table 1.

While impacts on labour force and/or capital allocation have not been quantified yet, 
individual impacts of climate change on animals and feed/forages are quantified to some 
extent. For example, the May 2015 heat wave with temperatures beyond 40 ˚C has killed more 
than 17 million birds in India (The Times of India, 2015). According to an industry survey, 
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Box 2: The potential impact of climate change on transboundary pests – the case of desert 
locust in Africa

Potential changes in temperature, rainfall and wind patterns associated with climate change are 
expected to have a dramatic effect on Desert Locust in Africa, the most dangerous of all migratory 
pests (Cressman, 2013). The greatest impacts will be caused by warmer temperatures and increased 
rainfall in desert areas extending from West Africa to the Horn of Africa, the Arabian Peninsula 
and southwest Asia. Warmer temperatures will cause locusts to mature sooner, leading to an overall 
shorter lifecycle of the insect, and allow seasonal breeding to commence earlier and last longer. This 
could result in an extra generation of breeding during the winter along the Red Sea coastal plains and 
in the Horn of Africa. Coupled with a general increase in precipitation or more frequent extreme 
high rainfall events, including tropical cyclones in the Arabian Sea, locust numbers could increase 
much more rapidly than at present, leading to a greater risk of outbreaks that, if uncontrolled, could 
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dairy cows in the hotter Southern European countries spent more than half of the day under 
heat stress, resulting in an estimated milk loss of up to 5.5 kg/cow/day (FeedInfo, 2015). In 
Italy, Crescio et al. (2010) reported that high temperatures and air humidity could lead to a  
60 percent increase in cattle mortality. In various countries from sub-Saharan Africa, 
20  percent to 60 percent losses in animal numbers were recorded during serious drought 
events in the past two or three decades. In South Africa, Niang et al. (2014) reported that dairy 
yields may decrease by 10 to 25 percent under certain climate change scenarios. Another case 
study reported by the same authors estimated a 23 percent rise in the cost of supplying water 
to animals from boreholes in Botswana.

Impacts of climate change on animal health are also documented, especially for vector-
borne diseases, rising temperatures increasing winter survival of vectors and pathogens. 
Diseases such as West Nile virus and schistosomiasis are projected to expand into new areas, 
so are bluetongue or Lyme. Outbreaks of Rift Valley fever in East Africa are also associated 
with increased rainfall and flooding due to El Niño-Southern Oscillation events (Lancelot,  
de la Rocque and Chevalier, 2008; Rosenthal, 2009; Porter et al., 2014).

Impacts on feed crops and forages, and grasslands to a lesser extent, have also been 
quantified, despite uncertainties resulting from complex interactions between climatic 

develop into plagues. Increased frequency of extreme El Niño and La Niña events due to climate 
change will allow greater breeding during the winter in the Horn of Africa and during the summer 
in the Sahel of West Africa, respectively. Any changes in wind circulation flows could allow locust 
adults and swarms to reach previously unaffected areas to the north, south and east of their current 
habitat that stretches from West Africa to India and includes the Sahara and deserts of the Near East 
and Southwest Asia. An understanding of climate change impacts on desert locust will lead to more 
robust contingency planning in affected countries for enhancing adaptation.

The figure shows the number of potential desert locust generations (bars show successive locust 
generations during a year, here shown by successive colours) and their length under normal and 
warmer (+4 °C) conditions. The map shows breeding areas: orange for summer, blue for winter; green 
for spring. 

Source: Desert Locust Information Service (DLIS), FAO
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