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foreword
Agriculture and climate change are intrinsically linked. Climate change is one of the
biggest challenges faced by agriculture, food systems and farmers today. Agricultural
production relies on the sun, precipitation and wind for pollination. Changing weather
patterns caused by climate change deeply impact global agriculture. Farmers need to
obtain a better understanding of the challenges they face, now and in the future, and how
they can adapt to ensure food production in the long term. With the right knowledge,
capacity building and technical assistance, often provided by or through farmers’
organizations, farmers can not only adapt to climate change, but also contribute to its
long term mitigation.
The questions that need to be asked are what are the impacts of climate change on
agriculture and how can farmers deal with them on a daily basis?
This booklet, produced jointly by the World Meteorological Organization and the World
Farmers’ Organisation, will serve to provide background information on climate change
and its causes, the impacts on agriculture, proposed adaptation and mitigation actions,
and provide case studies with concrete examples of possible solutions for farmers. In
particular, this booklet aims to offer insights into the following research question: what
are the impacts of climate change on agriculture and how can farmers adapt to and
mitigate climate change?
The objective of the booklet is twofold. Farmers all over the world can use this booklet,
with information about climate change and research, case studies and best practices
as an information tool. In addition, the booklet will also be useful for policy makers in
highlighting what policy measures are needed and what initiatives governments can take
to assist farmers to adapt to and mitigate climate change.
Michel Jarraud

Marco Marzano de Marinis

Secretary-General
World Meteorological Organization

Executive Director
World Farmers’ Organisation
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FOREWORD

agriculture
and climate change
Why is agriculture special?
Farmers are on the front line of climate change, and their lives and livelihoods are directly
affected by its impacts. At the same time, farmers are also vital to implementing many of
the solutions we need to help delay or curb climate change.
Agriculture, climate change, food security and poverty reduction are inextricably linked.
This link is unique to the agriculture sector, and the sector therefore, deserves unique
treatment. As the world population grows to an estimated 9 billion in 2050 it is projected
that food production will have to increase by 60 – 100 %. The increased production
must come at a time when global warming, climate volatility, more frequent and extreme
weather events and temperature changes increasingly threaten the viability of the
agriculture sector and rural infrastructure throughout the world.
Along with food, global demand for water and energy will also increase, putting additional
pressure on the world’s natural resources and threatening the very ecosystems and
biodiversity we rely upon to sustain ourselves. Agriculture can become more resource
efficient and focus on sustainable production systems that preserve and enhance natural
resources and the environment, while achieving food security.
Farmers interact daily with the environment, so they are key drivers in the development
of sustainable agricultural practices that provide food and renewable materials, for
their families, communities and markets, allowing for sustainable livelihoods and having
a positive effect on the whole society. The importance of this has been demonstrated
by a project which the Dutch Farmers’ Federation LTO Noord conducted in Uganda and
Cambodia. The objective of the project was to transfer knowledge from Dutch farmers
to farmers’ federations in Uganda and Cambodia, supporting them in tackling problems
resulting from climate change, enabling them to adapt and thereby protect their livelihoods
and global food security. The project has actively involved farmer’s organizations in the
area of climate change, making them valuable partners for agricultural research, industry
and authorities to improve food production and resilience. The success of the project has
been confirmed by the experience in Uganda and Cambodia.
Agriculture is significantly different from other sectors, in that it is essential for food
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security and income generation, and it also affects ecosystems. Climate change will
have a significant impact on the sector, requiring adaptation and increasing resilience of
agricultural systems. At the same time, the agriculture sector has a significant potential
to mitigate climate change.
Agriculture contributes to the basic needs of people, and an increasing world population
combined with a general rise in calorie intake will put pressure on the sector. Agriculture
systems are highly site and context specific, and economic, climate conditions, ecosystems
and cultures make it difficult to assess climate vulnerability and mitigation potential.
Complex interactions among food security, adaptation, mitigation, and trade contribute
to difficult policy choices and a need to further understand synergies and trade-offs.
Adaptation measures in agriculture are essential, and there is a significant potential for
carbon sequestration in agriculture soils. These complex interactions call for a special
and comprehensive treatment of the agriculture sector in, for example, policy choices
and research.
Globally, agriculture directly accounts for 10 - 14 % of greenhouse gas emissions (methane
from animal digestion and nitrous oxide from agricultural soils, etc.), and indirectly for
another 12 – 17 % due to the fact that agriculture is a major driver of deforestation
and land-use change. The sector has a significant mitigation potential, mainly through
reduced deforestation, soil management and increased productivity.
Farmers have adapted to climate variability for centuries and still managed to feed the
world’s population. Today, because of the increased speed and scale of climate change,
it poses a serious threat to farmers and the whole agricultural sector, so adaptation is
key to increasing the sector’s resilience. However, the agricultural sector also has the
capacity to offer sound solutions to cope with this challenge, provided that farmers are
encouraged to do so.

However, the agricultural sector needs to be differentiated from other sectors when it
comes to greenhouse gas emission reductions. Most of the greenhouse gas emissions
from agriculture are fundamentally different to those of other sectors such as industry,
households and transport: the gases are emitted from inherently variable, biological
processes linked to all kinds of agricultural production that are primarily aimed at
producing food for the world’s population.
agriculture and climate change
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climate change
and
global agriculture
The impacts of climate change on agriculture are multifold. However, climate change not
only affects agriculture – agriculture also affects the climate and contributes to climate
change and global warming.

Changes in solar inputs
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Clouds
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activity
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The global average temperature is rising and it is expected to continue. Since the early
20th century mean temperatures have increased by 0.8 degrees Celsius, and about 2/3 of
this increase has taken place since 1980. The Intergovernmental Panel on Climate Change
indicated in their 2007 assessment report that temperatures would continue to rise a
further 1.1 – 6.4 degrees Celsius, depending on scenarios. Warming will differ among
regions and it is estimated that the most vulnerable regions will also be the hardest hit
by global warming.
The impacts of climate change on agriculture are expected to vary by region, influenced
by social and economic conditions, to be widespread, and complex.
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Human activities – primarily
burning of fossil fuels and
changes in land cover – are
modifying the concentration
of atmospheric constituents
or properties of the Earth’s
surface that absorb or
scatter radiant energy. Global
atmospheric concentrations
of carbon dioxide (CO2),
methane (CH4) and nitrous
oxide (N2O) have increased
markedly as a result of human
activities since 1750 and now
far exceed preindustrial values
determined from ice cores
spanning many thousands of
years.
The
global
atmospheric
concentration
of
carbon
dioxide increased 40 % since
the pre-industrial era. Carbon
dioxide is responsible for 64%
of the global warming effect
due to long-lived greenhouse
gases affected by human
activities, where methane

contributes 18% of the global
warming effect and nitrous
oxide contributes 6%.The
primary source of the increased
atmospheric
concentration
of carbon dioxide since the
pre-industrial period results
from fossil fuel use, with land
use change (deforestation)
providing another significant
but smaller contribution.

impacts on our climate through
the many processes that
produce greenhouse gases.
There are variations across
countries and regions, with
post-production
stages
typically
contributing
a
significantly
larger
part
of emissions in developed
countries than in developing
ones.

In 2005, agriculture accounted
for about 10-12% of total
global human-based emissions
of greenhouse gases. Of global
human-based emissions in
2005, agriculture accounted
for about 60% of nitrous oxide
and about 50% of methane.
Despite large annual exchanges
of carbon dioxide between the
atmosphere and agricultural
lands, the net flux is estimated
to be approximately balanced,
with carbon dioxide emissions
being very low.
Agriculture and food systems

The global food chain is
estimated
to
contribute
9,800 – 16,900 megatons
of CO2 equivalents (2008),
including indirect emissions
from changes in land usae. This
means that the food system
contributes 19 – 29 % of global
greenhouse gas emissions.
Of the emissions from the
global food chain, emissions
from agriculture amount to
around 80 – 86 % of the total,
with the remainder coming
from preproduction and postproduction activities.

Climate change will affect food security and safety in terms of yields, quality and reliability
of delivery.
Some of the consequences are more extreme weather events and higher global mean
temperatures. The World Meteorological Organization and the United Nations
Environmental Program’s Intergovernmental Panel on Climate Change estimates that
this will have an adverse effect on agricultural production. In some regions, yields will
rise with temperature increases of around 1 – 3 degrees Celsius but this is not sufficient
to offset lower yields in most regions of the world. Areas already suffering from food
insecurity are expected to experience the highest negative effects. Agriculture is a
sector that is already affected by climate variability, and one of the results of climate
change is in fact increased climate variability thus increasing agriculture’s vulnerability.
The projections of future climate change will mean increased land degradation owing
to droughts, and increased soil erosion due to heavy rainfall, which will pose further
challenges for farmers and food production.
More recent studies show that the Intergovernmental Panel on Climate Change projections
may be too optimistic. Climate change is observed to happen faster than anticipated,
temperature extremes may have a bigger impact than expected, some farming systems
are more vulnerable to climate change than anticipated, trade in food production is not
optimal and other factors such as poverty, population growth and dietary preferences
will amplify the consequences of climate change for farmers.
climate change and global agriculture
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The Intergovernmental Panel on Climate Change’s assessment report from 2007 detailed impacts on
global and regional agriculture and the impacts depended on the specific location and the magnitude of
the warming. A summary of some of the potential impacts of future climate change on global agriculture:

•
•
•
•
•
•

Increases in the frequency of droughts and floods are projected to affect local crop production
negatively, especially in subsistence sectors at low latitudes.
Globally, the potential for food production is projected to increase with increases in local average
temperature over a range of 1 – 3 degrees Celsius, but above this range, food production is projected
to decrease.
At lower latitudes, especially in the seasonally dry and tropical regions, crop productivity is projected
to decrease for even small local temperature increases (1 – 2 degrees Celsius), which would increase
the risk of hunger.
Crop productivity is projected to increase slightly at mid- to high latitudes for local mean temperature
increases up to 1 – 3 degrees Celsius depending on the crop, and then decrease beyond that in some
regions.
With the virtually certain likelihood of warmer and more frequent hot days and nights, there are
projected to be increased insect outbreaks impacting agriculture, forestry and ecosystems.
Adaptations such as altered cultivars and planting times allow low- and mid- to high latitude cereal
yields to be maintained at or above baseline yields for modest warming.

Water resources are inextricably linked with climate change. Annual average river runoff
and water availability are projected to increase by 10 – 40 % at high latitudes and in some
wet tropical areas, and decrease by 10 – 30 % over some dry regions at mid-latitudes and
in the dry tropics. In India, a study in Uttarakhand in the Himalayan region has shown
large changes in rainfall patterns, resulting in damaged crops both because of droughts
and excess rainfall.
The project has as its main objective to bring these changes to the notice of government for
initiating measures of irrigation and sustainable agriculture. In Morocco, the challenges
of climate change can lead to water scarcity and extreme weather events. This is why a
project that manages and reduces the risks posed by climate change in production systems
of Morocco’s oasis, through the introduction of innovative adaptation approaches and by
strengthening capacities, is being implemented.
Extreme weather events will further exacerbate the vulnerability of food production and
also the natural resource base such as fertile soils and water, because of land degradation
and desertification and increased water stress. Changing weather patterns, which mean
changes in average temperatures and rainfall , will make it increasingly difficult to plan.
Especially rainfed agriculture is vulnerable to changing weather patterns, and to impacts
on water availability where some areas will experience excess water and others will
experience more severe water scarcity.
In Russia, the Dzhanibek area in the Volgograd region is a hazard-prone zone which
manifests both climatic and anthropogenic induced desertification due to regional-scale
degradation of the natural, agricultural and irrigated lands. Desertification control, soil
conservation and reclamation are the urgent ecological tasks for this region. Farmers
in this region have to deal with difficult environmental conditions such as drought and
steep slopes, in applying sustainable farming practices. The main problem in this region is
conflicts over water, as water is scarce in this dry area and has to be brought from remote
rivers, lakes and artificial water storage facilities through irrigation channels, underlining
11

climate change and global agriculture

the harsh conditions in this region. A program is aiming at improving socio-economic
conditions, and preventing land abandonment and damage caused by land degradation
and soil erosion.
There are ways to both adapt to and mitigate climate change in agriculture, as the case
of Malawi shows. Smallholder farmers in Malawi have continuously witnessed changes in
weather conditions. Suddenly, they could no longer predict the onset of rains, determine
rainfall patterns, or use their indigenous knowledge and historical data on the incidences
of pest and diseases. This called for a holistic response to address crop choices, production
systems and market driven production, which meant the birth of the Conservation
Agriculture Program. The program promotes selected conservation techniques and
sustainable crop production practices in small holder farming practices. The program is
implemented together with other programs, ensuring the delivery of extension services
and a sustainable seed supply system, and has reached a large number of farmers with
implementation of conservation techniques and diversified crop productions.
Also in Zambia, the National Farmers’ Union together with the Swedish Cooperative Center
has conducted a training program in climate smart agricultural practices for small scale
farmers, with an aim to improve access to skills, training and information on climate change
specific issues, and to increase fruit production. The project distributed tree seedlings to
small scale farmers, which can serve as both mitigation and adaptation measures.

In North-East India, a project is providing farmers with better information about
climate-smart agriculture in order to raise awareness and adoption of practices that are
sustainable. The aim of such practices is to increase productivity, resilience, mitigate
greenhouse gas emissions and enhance food security and developments, thereby
delivering multiple results.
A project in Eastern Zambia and Malawi has as its primary objective to empower
rural Zambians and Malawians to address key climate change issues, especially local
deforestation, by improving their access to information on the subject via radio and mobile
phone. The reason for starting this project is that forest communities are in a crisis due to
population growth in the region and an increasing number of urban poor using charcoal
for cooking and heating. Black market charcoal traders clear forests throughout these
communities, including supposedly protected reserves, to meet the growing need. This
not only strips carbon fixing forests out of the ecosystem but the subsequent burning
of the charcoal, is in itself a dirty and inefficient fuel, and poses a significant climate and
health problem. The focus is thus both on climate change mitigation, by emphasizing
the value of the local forests in both economic and ecological terms, and adaptation, by
sharing insights into ways that rural households could preserve their household in the
face of a changing climate.
The above four examples show that it is possible to integrate adaptation and mitigation
measures to the benefit of farmers, the local community and food security.

changes
in the global climate
According to the Intergovernmental Panel on Climate Change’s Fourth Assessment
Report which was released in 2007, the warming of the climate system is unequivocal.
Eleven of the last twelve years (1995 – 2006) rank among the 12 warmest years in the
instrumental record of global surface temperature. The 100-year trend (1906 – 2005)
is 0.74 degrees Celsius. The linear warming trend over the last 50 years (0.13 degrees
Celsius per decade) is nearly twice that for the last 100 years. At continental, regional, and
ocean basin scales, numerous long-term changes in climate have been observed. These
include changes in Arctic temperatures and ice, widespread changes in precipitation of
extreme weather, including droughts, heavy precipitation, heat waves and the intensity
of tropical cyclones. More intense and longer droughts have been observed over wider
areas since the 1970s, particularly in the tropics and subtropics.
Farmers are depending on reliable meteorological information and weather forecasts,
and organizations such as the World Meteorological Organization can assist farmers
in overcoming the challenges of climate change, by providing agricultural meteorology,
which is focusing on meteorological, hydrological, pedological and biological factors
that affect agricultural production and with the interaction between agriculture and the
environment, with the purpose of assisting farmers in preparing themselves by applying
this supportive knowledge and information.
The World Meteorological Organization contributes to global understanding through
dedicated observations of the climate system; improvements in the application of
agro-meteorological methods and the proper assessment and management of water
resources; advances in climate science and prediction; and promotion of capacity building
in the application of meteorological and hydrological data and information in drought
preparedness and management.
There is a need for climate predictions on a seasonal and decadal time frame for enabling
better decision-making by agricultural communities. Seasonal climate predictions will
allow farmers to adjust planting dates, varieties, crops, and management systems for
crops and livestock and reduce the vulnerability of agriculture to floods and droughts
caused by such phenomena like ENSO. Regional climate models provide more useful
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FIGURE #02

local information needed by policy makers and planners on adaptation policies. Since
fine resolution climate change information for use in impact studies can also be obtained
via sophisticated statistical downscaling methods, coordinated efforts must also be
undertaken to use these methods to develop and implement useful and plausible regional
scale climate scenarios. The agricultural and climate communities need to work closer
together in order to develop and determine the potential future impacts on food security.
The WMO provided financial support to the NMHS’s of Ethiopia, Colombia, and India
to organize Roving Seminars on Weather, Climate, and Farmers. These seminars were
developed by the National Meteorological Services with WMO guidance to increase
the interaction between the National Meteorological Services and the agricultural
community. The overall goal is to make farmers more self-reliant by helping them
become better informed with weather and climate issues that influence their agricultural
production. This kind of information can improve the farmer’s risk management and
ensure sustainable use of natural resources for agricultural production.
The one-day seminars focused on basic weather and climate information provided
by National Meteorological Services experts, applications of weather and climate in
agricultural decision-making, and pest and disease control provided by agricultural
extension agents. With funding from the State Agency for Meteorology in Spain, the
National Meteorological Services of 15 West African countries organized 159 roving
seminars with the participation of 7,000 farmers and over 3,300 rain gauges were
distributed to over 2,800 villages, providing farmers with a simple and invaluable crop
management and planning tool. The countries involved in this project are Benin, Burkina
Faso, Cape Verde, Côte d’Ivoire, Gambia, Ghana, Guinea, Guinea-Bissau, Liberia, Mali,
Mauritania, Niger, Nigeria, Senegal, and Togo. This project in now in its second phase and
is being funded by the Norwegian Ministry of Foreign Affairs.
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The Australian Climate Champion program is a good example of how climate information
is useful to farmers. As Australian farmers are in need of knowledge and tools to help
them manage and adapt to a variable and changing climate, the Climate Change program
was initiated by Australian producer organizations.
A survey showed that farmers needed weather information and that farmers mainly
trust other farmers’ advice, particularly about new practices and technologies. The
Climate Champion program selected 39 farmers to participate. These farmers are used
to communicating with other farmers in their district, and in this way farmers have ready
access to the voice of their peers who are tackling the daily challenges of maintaining or
increasing food and fibre production in Australia’s highly variable climate.
The program aims to empower Climate Champion farmers as leaders to improve farmer’s
understanding of the climate, disseminate climate research, knowledge, give feedback to
researchers about farmer’s concerns and needs, and increase adoption of practices and
tools for managing climate risk. This has resulted in real examples and practical evidence
for other farmers of what works in the region.
The program has been evaluated and has provided a cost-benefit ratio of 1:3, which
is highly encouraging and shows that farmer – to – farmer capacity building, is highly
effective.
Also in the Philippines extreme weather events affecting both the agriculture and
fishery sectors have underlined the need for strengthening capacities for climate risk
management and disaster preparedness. The project has, among other things, enhanced
dissemination of early warning messages to farming communities for better disaster
preparedness, and provided weather forecasts and outlooks for seasonal planning in
agriculture.

changes in the global climate

16

FIGURE #03

Also, farmer’s organizations
are
already
supporting
their members in providing
assistance and knowledge
about
mitigation
and
adaptation practices, and the
World Farmers’ Organisation
is with this booklet collecting
a wide range of experiences,
best practices and case
studies and disseminating
this knowledge to its
members
and
other
interested
stakeholders.
Furthermore, the World
Farmers’ Organisation brings
together national agricultural
producer
organizations
and agricultural producer
cooperative
organizations
to create policies and
advocate on world farmers’
behalf, in order to improve
the economic situation and
livelihood of producers,
their families and rural
communities.

The organization is also committed to encouraging farmers’ involvement in sustainable
rural development, the environment and new arising challenges, such as climate change,
and therefore advocates on behalf of farmers in international policy making processes.
National farmers’ organizations are also already assisting their members, which the case
studies from Zambia where the national organization worked closely with the Swedish
Cooperative Center, Uganda and Cambodia in a project initiated by the Dutch LTO Noord,
Malawi, Australia, New Zealand, Senegal, Canada, and USA shows.
Climate change also means more extreme weather events and increasing impacts. A
project providing decision support systems for risk reduction in agriculture looks at how
to introduce seasonal climate forecasting and crop modeling outcomes into stakeholders’
decision making processes to mitigate production risks. The main objective of the project
is to help producers mitigate climate risks affecting agriculture in Eastern Paraguay and
Rio Grande do Sul. The result should be a web-based decision support system that will be
transferred to and managed by project collaborators in Paraguay, thus enabling farmers
to adapt to climate change.
This shows that given the right tools, technologies and access to information, farmers are
able to adapt to a changing climate.
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regional challenges
In many African regions, the area suitable for agriculture, the length of growing seasons
and yield potential, particularly along the margins of the semi-arid and arid areas, are
expected to decrease. In some countries, projected yields for some rainfed crops could be
reduced by up to 50% by 2020. All of the projected regional impacts including on agriculture
used in this booklet come from the Intergovernmental Panel on Climate Change’s Fourth
Assessment Report. Namibia is one of the most arid countries south of the Sahara, and
climatic variability is a common phenomenon in the country, exhibited by persistent
droughts, and unpredictable and variable rainfall and temperatures. This is resulting in
land degradation, soil erosion, bush encroachment, deforestation, and desertification
which are increasing threats to agricultural productivity. A country pilot partnership
is aimed at building and sustaining capacity at systemic, institutional and individual
levels, and to ensure that sustainable land management activities are coordinated, cost
effective, innovative and appropriate, crossing sectors and integrating environmental,
social and economic objectives. Another project that has its starting case location in
Toamasina, Madagascar, is supporting the adaptation of small-scaled productive systems
to climate change in the islands of the Indian Ocean, in order to improve the incomes and
living conditions of family farmers. The objective is being reached thanks to information
sharing and promotion of agro-ecological practices, and is expected to contribute to
adapting productive systems to the consequences of global warming at the regional level
on a longer term basis. Adaptation to climate change is essential in these areas.
It is projected that crop yields could increase up to 20% in East and Southeast Asia, while
they could decrease by 30% in Central and South Asia by the mid-21st century. In Thailand,
the Yasothorn province is one of the poorest regions of the country, part of the so-called
“Weeping Plain” with a low-fertility landscape. The dry conditions are suitable for the
rain-fed production of jasmine rice, but climate change is affecting this region, causing
temperature increases, more frequent and intense rainfall, and prolonged droughts.
This means that the area is getting drier and the results are lower yields, as rainwater
is no longer sufficient for rice production. A project in the region aims to give farmers a
better understanding of the impacts of climate change, and farmers are supported with
appropriate water management systems. Selected farmers are promoted as role models
and catalysts for change, by means of sharing their knowledge and experience with other
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farmers of the region. The expected results are increased food security, reduced decline
in rice production, higher crop diversity, and improved on-farm water management
systems. In India, the agriculture sector sustains around 70 % of the population and
climate change will directly affect agriculture and local food production. As shown by a
case study, extension programs can play a key role in disseminating information, including
indigenous and traditional knowledge. Extension services that specifically address
climate change adaptation include dissemination of local cultivations of drought-resistant
crop varieties, adopting improved dairy farming practices and gathering information to
facilitate national research work. This shows that farmer organizations are an effective
information sharing mechanism and have the potential to provide cost effective links
between government efforts and farmer activities.
In the drier areas of Latin America, climate change is expected to lead to salinization and
desertification of agricultural land. Productivity of some important crops is projected to
decrease and livestock productivity to decline, with adverse consequences for food security.
In temperate zones, soybean yields are projected to increase. In Chile, for example, the main
environmental problems are soil degradation and desertification, in particular in the nonirrigated area of central Chile. Most of this area is occupied by a traditional agricultural system
that combines livestock activities with the production of cereals. As a result of the prevailing
system, about two thirds of the area is badly eroded and soil organic matter and microbial
biomass are very low in many places. In addition, the soil shows severe water erosion. A
project that used no tillage preceded by subsoiling mitigates water erosion, and has reduced
soil loss by more than 72 % in heavy rainfall events, showing the importance of conservation
tillage and crop stubble management for decreasing soil erosion. Moreover, cereal production
showed higher biomass and grain yields.

Production from agriculture and forestry by 2030 is projected to decline over much of
southern and eastern Australia, and over parts of eastern New Zealand, due to increased
drought and fire. However, in New Zealand, initial benefits are projected in western
and southern areas and close to major rivers due to a longer growing season, less frost
and increased rainfall. In New Zealand, some farmers are adapting to climate change
by reducing stock numbers, changing pasture management, fencing off steep gorges,
increasing the number of dams, putting in place new access tracks, etc. This has not
only resulted in increasing the adaptive capacity and sustainability on the farm, but will
possibly also mean increasing future profits.
In North America, moderate climate change in the early decades of the century is projected
to increase aggregate yields of rain-fed agriculture by 5 – 20%, but with significant
variability among regions. Major challenges are projected for crops that are near the
warm end of their suitable range or depend on highly utilized water resources. Also in
this region, disturbances from pests, diseases and fire are projected to have increasing
impacts on forests, with an extended period of high fire risk and large increases in area
burned.
In Southern Europe, climate change is projected to worsen conditions (high temperatures
and drought) in a region already vulnerable to climate variability, and to reduced water
availability, hydropower potential, and in general, crop productivity.
In Central and Eastern Europe, summer precipitation is projected to decrease, causing
higher water stress. Forest productivity is expected to decline and the frequency of
peatland fires to increase.
In Northern Europe, climate change is initially projected to bring mixed effects, including
some benefits such as reduced demand for heating, increased crop yields and increased
forest growth. However, as climate change continues, its negative impacts (including
more frequent winter floods, endangered ecosystems and increasing ground instability)
are likely to outweigh its benefits.
Sea-level rise is expected to exacerbate inundation, storm surge, erosion and other
coastal hazards, thus threatening vital infrastructure, settlements and facilities that
support the livelihood of island communities. Climate change is projected by mid-century
to reduce water resources in many small-islands, e.g., in the Caribbean and Pacific, to
the point where they become insufficient to meet demand during low rainfall periods.
The Saint Lucia Island in the Caribbean has initiated a project on enhancing capacities
for disaster risk mitigation in agriculture, fisheries and forestry. Saint Lucia is regularly
exposed to natural hazards, including tropical storms, hurricanes, floods, localized floods,
drought spells, landslides and earthquakes, which regularly impact the agriculture sector.
Banana/plantain, root crops and livestock small holder farmers and fisherfolk are all
severely affected. The objective of the project is to enhance resilience of the agriculture
sector against the impacts of natural hazards, and has so far improved capacities of
the forestry, fisheries and agriculture department staff, for vulnerability mapping and
damage assessment, etc., thus achieving its objective of increased resilience.
As the examples show, the different impacts from climate change will need different local
responses.

regional challenges
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impacts on crops
Climate change is expected to impact on crop yields. In some areas breeding more
resilient varieties can overcome some of the challenge, while replacement with other
equally nutritious food crops might be necessary in other areas. Below is an assessment
of the impacts of climate change on six selected major food crops.
Bananas are the world’s fourth most important food crop, mostly grown in humid
and sub-humid tropic areas, and are grown in more than 120 countries, mainly in the
African, Asia-Pacific, Latin American and Caribbean regions. Bananas are a staple
food for millions of people and are also a cash crop in the tropics because of its ability
to produce fruit all year round. The optimum temperature range for bananas is 20 –
30 degrees Celsius, where yields are also generally stable. Temperatures above 35
and below 10 – 15 degrees Celsius will damage the plant, and temperatures below
2 – 3 degrees Celsius will be lethal. The plant is sensitive to soil and water but can
survive longer periods of drought. Optimum rainfall is 1300 – 2600 mm per year
distributed evenly. Productivity may increase in the sub-tropics with higher winter
temperatures but is estimated to decline in lowland tropics with extended periods of
high temperatures. Some pests and diseases can be predicted to expand into higher
altitudes and into the subtropics if temperatures increase. All this will impact on yields,
as will extreme weather events which are predicted to happen more often and be more
severe with climate change.
In least developed countries, cassava is the second most important food crop, and the
fourth most important in developing countries. Half of the production is in Africa and a
third in Asia. Cassava is resistant to stress and can be harvested when needed but only
has limited shelf-life after harvesting. Apart from being a major food crop, cassava is
also used for starch, animal feed and fuel ethanol. It is drought tolerant and adapted to
very high temperatures, and drought stress can be further improved through breeding.
Excess water and flooding will cause damage to cassava, and it is highly sensitive to
flooding and extended periods of saturated soils. Cassava is expected to do well with
climate change in current production areas and will likely also replace more climate
sensitive crops in other areas. Pest and diseases can, however, pose a threat to cassava,
as they are expected to widen in both range and distribution.
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Chickpea is grown across five continents and is the third most important legume globally,
and on international markets. The primary regions are East Asia and India. Chickpeas
are often grown on marginal lands with minimum inputs and are highly affected by pest
and diseases, often with low yields. Higher temperatures and levels of carbon dioxide are
expected to increase yields up to a certain level. Breeding heat tolerant chickpea varieties
can avoid future yield losses. But increasing exposure to pest and diseases due to climate
change could cause yields to fall, negating positive impacts from higher temperatures
and carbon dioxide levels.
In the developing world, especially in Africa, Latin America, and Asia, maize is an important
food crop. Demand for maize in the developing world is estimated to double in 2050,
for food, feed and ethanol and other materials for industries. Meeting demand can be
difficult as maize is not well-suited for changes in growing conditions, and temperatures
above 30 degrees Celsius and drought will reduce yields, in some areas by 10 – 20 %.
The high yields make maize an attractive crop, especially in areas with high population
pressure. Yields will decrease with temperatures above 30 degrees Celsius, and even
more under drought. Increased yields can be seen with higher temperatures in relatively
cool areas, meaning that climate change is both an opportunity and a threat for maize
farmers, depending on the region.
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Rice production is spread across 114 countries, mainly in Asia which accounts for 90 %
of total production, and with rice being the staple food in most rice-producing countries.
Higher temperatures, more flooding, higher soil and groundwater salinity and more
frequent droughts will challenge rice production and are expected to be more frequent
in rice producing regions.
Temperatures above a certain threshold will reduce yields and quality but sensitivity to
temperature increases are different in different growth phases, as is the case with most
stresses. Drought is the biggest challenge to rice production, affecting many areas in Asia.
The indigenous community Kampung Kasepuhan Cisitu in Indonesia was established in
1621 and has since then been engaged in paddy rice stock management. 15 years ago
weather conditions began to change with shifting seasons and climate fluctuation, and
weather has become unpredictable and extreme. Local and indigenous knowledge has
proved to be an effective adaptation tool in this region.
Wheat is the most important source of plant protein and calories, and has been a staple
food in Europe, Asia and North Africa for more than 8,000 years. Wheat is highly affected
by extreme heat and drought and climate change will lead to significantly lower yields.
The biggest wheat producing countries are India and China, which produce 30 % of all
wheat. Some evidence suggests that yield losses have probably been underestimated by
around 50 % for temperature increases of 2 degrees Celsius if temperatures are above
34 degrees Celsius. In semi-tropical regions yield losses are estimated to be 10 % with
a 1 degree Celsius temperature increase, with large inter- and intra-regional variations.
These are only a few of many examples of how climate change affects crop production,
and thereby farmers and food production.

FIGURE #04
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adaptation
The Intergovernmental Panel on Climate
Change defines adaptation as an adjustment in
natural or human systems in response to actual
or expected climatic stimuli or their effects,
which moderate harm or exploit beneficial
opportunities. Various types of adaptation
can be distinguished, including anticipatory,
autonomous and planned adaptation.
With the Intergovernmental Panel on
Climate Change’s Fourth Assessment Report,
there has been a focus on climate change,
future impacts, and potential adaptation
strategies. However, the main determinant
of agricultural production is still the seasonal
variation of temperature, precipitation, sun,
etc. Droughts, floods, frost-freezes, and
heat waves stress both crops and livestock.
The changing frequency of these events due
to climate change constitutes the primary
concern for most farmers.
Reducing the impacts of climate change on
agriculture requires policies and actions
that increase the resilience of food systems.
Farmers need to adapt to a changing climate.
Adaptation can include a variety of practices,
such as; changing planting dates; planting
different varieties; intercropping; the use
of water harvesting techniques; better pest
and disease control, improving soil organic
matter; etc.

adaptation
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There are several adaptation measures that the agricultural sector can undertake to cope with these
future changes.

•
•
•
•
•
•
•
•
•
•
•
•
•
•

Changing planting dates.
Planting different varieties or crop species..
Development and promotion of alternative crops.
Developing new drought and heat-resistant varieties.
More use of intercropping.
Using sustainable fertilizer and tillage practices (improving soil drainage, no-till, etc.).
Improved crop residue and weed management.
More use of water harvesting techniques.
Better pest and disease control for crops.
Implementing new or improving existing irrigation systems (reducing water leakage, soil moisture
conservation, mulching).
Improved livestock management (providing housing and shade, change to heat-tolerant breeds,
change in stocking rate, altered grazing and rotation of pasture).
More use of agro-forestry practices.
Improved forest fire management (altered stand layout, landscape planning, dead timber
salvaging, clearing undergrowth, insect control through prescribed burning).
Development of early warning systems and protection measures for natural disasters (droughts,
floods, tropical cyclones, etc.).

The climate of the Sertão Region or Brazil is semi-arid dry tropical, with local variations.
The predominant vegetation has a high biodiversity and consists of several kinds of
tropical thorn scrub ranging from tall scrub forests to savannahs. There are high climatic
variations. The wet period lasts three months, with 240 - 800 mm rainfall and severe
cyclical droughts are common in the region. Land degradation poses a major threat.
Smallholder agriculture practices vary greatly between the regions, ranging from slashand-burn subsistence farming to modern irrigated fruit production systems. Animal
husbandry is common among small-scale farmers. In this setting, the Dom Hélder Camara
Project adopts a cross-sectoral approach to promote sustainable rural development,
poverty alleviation and income-generation mainly through access to markets. The
focus is on sustainable agricultural practices as well as the sustainable management of
rangeland. The overall goal of the project is the sustainable improvement of the social
and economic conditions of poor agrarian beneficiaries and neighbouring smallholders
in the semi-arid Sertao. It aims at improving the capabilities and involvement in the
local market of beneficiary families, enabling them to manage more efficiently and
sustainably productive activities in agriculture, marketing, micro-enterprise and smallscale agroindustry. The project aims to increase awareness of entrepreneurial and
organizational skills of the farmers and improvement in agricultural and small business
management skills, productivity, production and marketing linkages.
In Kyrgyzstan, overgrazing in areas close to villages, and expected lower pasture
productivity are some of the challenges faced by small-holder farmers. A project
is focusing on rural development and sustainable use of pasture resources, where
degradation and erosion on pastures will be determined by implementing a sustainable
pasture management based on participation of the local communities. This, together with
a new law on pasture management will permit farmers to efficiently plan land use locally,
thereby adapting to local conditions and future climate change with an expected increase
in the number of dry years.
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Water management will in general be tougher in a changing climate. Agriculture accounts for
70 % of all freshwater use, and competition for water use will increase with a growing world
population, meaning that farmers will have to grow more with less water. In Cambodia, a
project is being implemented where a specific part of it relates to capacity building for climate
resilient rainwater harvesting techniques at both the village and household levels. The primary
objective is to increase food security, production and adaptive capacity to climate change
induced modifications in water resources availability for the agricultural sector. The project is
expected to improve capacity within local institutions to manage agricultural water resources
in a changing climate, thereby increasing food security and ensuring production capacity.

In Mexico, an engineer has implemented a project on “solid rain”. The ongoing process of
desertification, climate change and uncertainty about rainy seasons made it necessary
for farmers to find creative solutions to cope. The project consists of the development
of water silos, which allow for the creation of water reserves. Water turns into solid
rain when the particles in the silos are hydrated, and they are able to hold 500 times
their own weight. This not only means that farmers are able to “store” rain but have also
resulted in increasing yields, making this a double win. This example shows that farmers
are responding to climate change related phenomena, and are adapting their practices.
When yields increase at the same time, it will further benefit farmers in the affected area.
Rainfed agriculture is the primary source of livelihood and food security in Yemen,
especially for rural poor in the highlands, with nearly 74 % of the population directly
or indirectly involved in agriculture. Climate change makes rainfed agriculture highly
vulnerable with uncertain rainfalls and more variable precipitation, leading to production
losses and higher crop failure risks. Traditional knowledge to adapt to climatic conditions
has been effective in the past, based on agro-biodiversity of the highlands and the
traditional knowledge about water harvesting and storage or terrace construction. A
adaptation
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project in Yemen aims at the conservation of agro-biodiversity and the enhancement of
national climate analysis capacity, which should enable farmers to better adapt to climate
change.
Soil fertility will also be impacted by climate change and farmers may increasingly need
to combine crops with fertilizer properties, such as chickpeas and lentils which have
nitrogen fixing qualities, with other crops to assist soil fertility. Conservation and no-till
agricultural practices will also have an effect on soil fertility, as shown by the Canadian
example.

Agroforestry is another way of enhancing soil fertility. In San Martin, one of the largest
coffee and coca producing zones of Peru, poor soil fertility, deforestation, increased
risk of flooding, mudslides, soil erosion and biodiversity loss is making coffee and cocoa
production increasingly challenging. An agroforestry project started in 2006, including
300 small-scale coffee and cocoa producers has as its objective to decrease smallscale farmers’ vulnerability to climate change through agroforestry systems, which
has resulted in increased biodiversity, increased nutrient recycling, improved technical
capacity of farmers, yield increase, strengthened social organization, improved incomes,
certification and new production opportunities.
Insurance can play a key role as an adaptation tool but is not yet widely available. Insurance
can be traditional indemnity-based, index-based schemes, weather derivatives or
catastrophe bonds. Insurance can help create incentives for reducing risks by encouraging
risk-reducing behavior and adaptation measures. In the European Union, Spain has one of
the most advanced insurance systems, where the principle is that subsidizing insurance
premiums is cheaper than emergency relief payments after a disaster

29

adaptation

There is limited access to insurance of any kind in developing countries but efforts are
underway to look at micro-insurance as a product more tailored to the specific needs and
circumstances in developing countries.
It is also important to communicate seasonal climate information to farmers for better
agricultural management. In Senegal, skillful climate forecasts offer farmers opportunity
to adopt improved technology, intensify production and replenish soil nutrients when
climatic conditions are favorable; and to more effectively protect families and farms
against the long-term consequences of adverse extremes. The work sought to test and
refine downscaled, probabilistic seasonal forecast information tailored to the needs of
smallholder farmers; and a workshop process to train them to understand and act on
climate information. In 2011, partners convened training and forecast presentation
workshops with farmers and other agricultural stakeholders. Farmers identified the
monsoon onset date as the most relevant climate information product in their decision
system, and conveyed their preference for receiving information through both agricultural
extension agents and rural radio. A follow up workshop was held in January 2012, after
the rainy season, to see how farmers used the information in their agricultural practices
and what needs to be further improved. An evaluation in the 2011 rainy season showed
that farmers who participated in the forecast communication workshops were able to
plan better than non-participant farmers. The 2012 forecast of the rainy season onset,
provided as requested by the farmers, helped them to be better prepared and saved their
harvest from exposure to the first rains. Farmers requested forecasts at a finer spatial
scale, weather bulletins every two weeks and more training to better understand the
forecast.
The above case study examples are only a small fraction of what is taking place on the
ground in different regions. The examples range from changing practices on the ground in
response to a changing climate, to short term weather forecasts and insurance schemes,
which have all proved useful for farmers in the areas where it has been implemented. The
experiences suggest that farmers in other countries and regions could also benefit from
this, provided they have the right incentives and resources.

mitigation
The impacts of climate change on agriculture and the impact of agriculture on the climate
requires policies and actions that increase greenhouse gas mitigation actions.
According to the Intergovernmental Panel on Climate Change, mitigation is the
technological change and substitution that reduces resource inputs and emissions
per unit of output. Although several social, economic and technological policies would
produce emission reductions, mitigation means implementing policies to not only reduce
greenhouse gas emissions but also to enhance carbon sinks. Improved agricultural
management can reduce net greenhouse gas emissions, often affecting more than one
greenhouse gas. The effectiveness of these practices depends on factors such as climate,
soil type and farming system. About 90% of the total mitigation arises from soil carbon
sequestration and about 10% from emission reductions.
No-till agriculture is a practice of low disturbance direct seeding into the soil, and in
Canada this practice has two primary objectives. One is to reduce the erosion of fragile
erosion-prone soils and the other is for the financial benefit that low-impact, one-pass
seeding provides by reducing the time equipment would need to run and labour time
saved. The practice has also shown over time to restore soil fertility and improved soil
moisture and water management, a significant benefit in arid regions. By not tilling the
field, the stubble that remains increases snow capture and spring soil moisture levels,
which contributes to greater levels of soil organic material which also contributes to
moisture conservation in the soil. The end result is a quantifiable increase in carbon
sequestration in the soil.
As we saw in previous sections, increasing deforestation and forest degradation is a
challenge for farmers in many regions, resulting in increased vulnerability to climate
change. In Ghana, about 70 % of the population depends on the utilization of natural
resources for their livelihoods. Therefore, Ghana is determined to reduce emissions from
deforestation and forest degradation and enhance carbon stocks, resulting in reduced
greenhouse gas emissions, conservation of biodiversity and alleviating rural poverty. The
project shows that reducing deforestation and forest degradation is not only an adaptation
measure but also a mitigation measure. In Brazil and Paraguay a project is based on the
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assumption that the planting and managing of agroforestry systems on the properties
of family farmers will improve environmental conditions. The primary objectives have
been to promote the strengthening of environmental, cultural and economic rights, and
mitigating the effects of climate change by developing proposals for environmental
services and by monitoring technologies in agroforestry. Among other things, one of the
results has been to establish a methodology for quantifying carbon in native forests and
agroforestry.
In order to reduce the impacts of agriculture on the climate, farmers must mitigate
greenhouse gas emissions. But since agriculture is based on natural processes, the
mitigation potential must be treated accordingly. The need for increased food production
means that it will be difficult to expect the agriculture sector globally to reduce
greenhouse gas emissions in absolute numbers. However, reducing relative emissions
while at the same time increasing productivity should be possible, as is already seen in
some countries.
Another major difficulty regards measuring emission reductions in agriculture. It can be
difficult to accurately assess mitigation potential from different practices and even more
difficult to measure. It is one of the areas where more science is highly needed.
The most prominent mitigation options in agriculture are:

•
•
•
•

Restoration of cultivated organic soils.
Improved cropland management (including agronomy, nutrient management, tillage/residue
management and water management, including irrigation and drainage, set-aside, and agro-forestry).
Improved grazing land management (including grazing intensity, increased productivity, nutrient
management, fire management, and species introduction).
Restoration of degraded lands (using erosion control, organic amendments, and nutrient amendments).

Lower, but still substantial, mitigation potential is provided by:

•
•

Rice management.
Livestock management (including improved feeding practices, dietary additives, breeding and other
structural changes, and improved manure management, meaning improved storage and handling of
anaerobic digestion).

A project in the Scottish Highlands has promoted incentives for climate change mitigation
agricultural techniques. The main area of Scotland is rough grazing land, and almost half
of the agricultural holdings in Scotland are involved in animal husbandry.
The sector is already relatively climate friendly due to numerous environmental
regulations preventing over-fertilization and inappropriate practices.
The organic peaty soils of the hill land are now managed with controlled, reduced grazing,
no drainage or peat cutting, which should lead to increased carbon stocks in the soils.
The objective of the project is to test market penetration of mitigation options, and if
farmers are able to undertake the mitigation techniques, what are the barriers, and their
impact on the farm and the rural economy.
Expected results are optimized grazing intensity, timing and duration, renovated
grasslands, improved forage quality and minimized fertilizer input, managed grassland
for carbon storage, reduced carbon losses, and restored natural water levels on areas of
organic peat soils.
mitigation
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Carbon credits can be an effective mitigation tool. The Chicago Climate Exchange (CCX)
is a self-regulating, rules-based exchange for carbon credits designed and governed by
its members. The North Dakota Farmers Union, a grassroots organization of farmers
and ranchers, gained approval from CCX to have its members be official aggregators of
carbon credits. The North Dakota Farmers Union collaborated with the Chicago Climate
Exchange to sell carbon credits earned by acreage with land management practices such
as no till cropping or intensive pasture management that increase carbon sequestration
in the soil. The primary objective is to reduce carbon dioxide in the atmosphere while
increasing the health of soil and water on farm, grass and rangeland, and adding an
additional revenue source for environmentally conscious agriculturalists across the
United States. This program was an early attempt to reward environmental services.
Results included optimized atmospheric carbon levels through sequestration; improved
soil and water resources; and an additional revenue source for agricultural producers.
The above case studies show examples of some of the more widespread mitigation efforts
in the agriculture sector. The initiatives not only contribute to building carbon stocks but
have also proved efficient as adaptation measures by for example improving soil fertility.
Incentives such as rewarding farmers for environmental services can be efficient in
getting mitigation initiatives adopted.
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adaptation
and mitigation
for food security
Climate change impacts on agriculture are multiple, already happening, and will most
likely continue to worsen as climate change intensifies. This will have serious social,
economic and ecological consequences. Ever increasing global temperatures are likely
as the necessary dramatic and urgent reductions in greenhouse gas emissions seem to be
happening too slowly.
The need for adaptation and the potential for mitigation have implications for successful
agriculture planning to support food security and poverty reduction, and we must
combine sustainable agriculture to include the need for adaptation and the potential
for mitigation, and also include technical, policy and financial implications thus giving
agriculture the comprehensive approach that is needed.
In developing countries, the focus is on adaptation, food security, and poverty eradication.
Mitigation then becomes a secondary benefit that is often synergistic with adaptation and
food security, since many mitigation activities will at the same time increase resilience
and for example soil fertility. This booklet and the case study examples have shown that
it is possible for farmers to adapt to and mitigate climate change, given sufficient support
to do so.
This support can come from various places, such as farmers’ organizations, governments,
international organizations or NGO’s. The important element is to involve and empower
farmers to act.
This booklet has only covered some of the essential issues. The objective was to
demonstrate how farmers can adapt to and help mitigate climate change. We have given
examples of the challenges farmers are facing and presented experiences and solutions
from farmers that will hopeful be helpful to other farmers. Our goal was also to show
policy makers that with the right support and information; farmers can play a vital part
in both adapting to and mitigating climate change. A farmer’s job will always, first and
foremost, be to produce food. Farmers need the land and natural resources to do so
and will therefore also have an interest in preserving these. This is why climate change
adaptation and mitigation is essential.

adaptation and mitigation for food security
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