Climate Change and Food Security

Bob Watson
Chief Scientific Advisor, UK Defra

Director of the International Assessment of Agricultural
Science and technology for Development (IAASTD)

AGM EURAGRI
Madrid
September 28, 2009



Current situation
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Over the past 40 years, globally, intensification of cultivated systems has been the primary source (almost 80%) of increased output. But some countries, predominantly found in Sub-Saharan Africa, have had persistently low levels of productivity, and continue to rely on expansion of cultivated area. in sub-Saharan Africa, however, yield increases accounted for only 34% of growth in production 


So what is the problem?

People have benefited
unevenly from these yield
Increases across regions, in
part because of different
institutional and policy
environments

Emphasis on increasing
yields and productivity has in
some cases had negative
consequences on
environmental sustainability
— soils, water, biodiversity,
climate change




Uneven production gains

Total agricultural output 1970-2004
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Over the past 40 years, globally, intensification of cultivated systems has been the primary source (almost 80%) of increased output. But some countries, predominantly found in Sub-Saharan Africa, have had persistently low levels of productivity, and continue to rely on expansion of cultivated area. in sub-Saharan Africa, however, yield increases accounted for only 34% of growth in production 


Child malnutrition
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Over the past 40 years, globally, intensification of cultivated systems has been the primary source (almost 80%) of increased output. But some countries, predominantly found in Sub-Saharan Africa, have had persistently low levels of productivity, and continue to rely on expansion of cultivated area. in sub-Saharan Africa, however, yield increases accounted for only 34% of growth in production 


Underlying causes of recent food price <@

increases defra

 Increased demand and changing diets from rapidly
developing countries, e.g., China

« Poor harvests due to variable weather - possibly related
to human-induced climate change

 Increased use of biofuels, especially maize in the US

 High energy prices, hence fertilizer prices

« Export bans from some large exporting countries

« Speculation on the commodity markets

Key question is whether these factors will continue to
be important in the future?



Future Challenges

» The demand for food will double within the next 25-50 years,
primarily in developing countries, and the type and nutritional
quality of food demanded will change

» We need sustained growth in the agricultural sector (crops,
livestock, fisheries, forests, biomass, and commaodities):

» to feed the world
» to enhance rural livelihoods
» to stimulate economic growth

» Meet food safety standards
» environmentally and socially sustainable manner



Food demand is changing
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Fruits and vegetables are one of the fastest growing agricultural markets in EAP countries, with production increasing by 7.3 percent a year for fruits and 6.1 percent for vegetables over 1980-2004. 

During this period 58 percent of the increase in worldwide horticulture production came from China.   

In Indonesia, the value of fresh fruits and vegetables output doubled during 1994-2004, to become a 10 billion dollar industry almost exclusively for the domestic market. 


Multi-functional Agriculture

The inescapable interconnectedness of agriculture’s different roles and functions

Economic
production

environmental
services

Environmental




The Context - Limitations

Less labor - diseases and rural to urban migration
L_ess water — competition from other sectors

Less arable land — competition, e.g., bio-energy
Yield increases are slowing dramatically
Increasing land policy conflicts

Loss of biodiversity: genetic, species and ecosystem

Increasing levels of pollution — ozone and acid deposition
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A changing climate



®  Can 15t Generation Biofuels be <@

Sustainable?

« Two major sources of biofuels
» Bioethanol from sugar and maize
» Biodiesel from palm oil, soy and rapeseed
 Rarely economic - normally heavily subsidized — issue of co-products key
e Serious questions regarding environmental sustainability
» Greenhouse gas emissions - direct and indirect emissions
» Loss of biodiversity, soil and water degradation
» Serious Questions regarding social sustainability
» Competition for land - food price increases
* Involuntary displacement of small-scale farmers by large-scale plantations

Need enforeable sustainability criteria for first generation biofuels and an
aggressive R&D program in second and third generation biofuels to
assess their economic, environmental and social sustainability
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The UK has long recognised the nature of the problem facing mankind and has over the years taken a various steps to tackle its emissions. As you can see from this slide we have a range of commitments to reduce emissions, including the initial Convention commitment, the Kyoto target, our near term CO2 (-20% ) and our longer term 2050 target of -60%. Under the climate change Bill which I will discuss later we area also likely to commit to a medium level target of -26 to – 32% by 2018/2022.



 




Cereal Yield Increases
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Fisheries Collapse
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Agriculture and Environmental Degradation
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Can crop, animal and
fish traits be improved
to address the projected
changes in climate -
what are the roles of
traditional breeding and
modern forms of
biotechnology?

How will the loss of
genetic diversity affect
future agriculture?

Can soil degradation be
reversed and
productivity enhanced?



Food Security: The Big Challenges
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While energy use accounts for the lion’s share of GHG emissions in developed countries, agriculture (including livestock waste) and deforestation associated with land use conversion to agriculture account for almost 70% of GHG emissions from developing countries.

At the same time, given its dependence on rainfall and other climatic factors, agriculture is particularly subject to the dynamics of climate change




Unprecedented change: Ecosystems (efra
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Precipitation
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Changes in precipitation defrz@
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(B) Present rainfall regimes in Africa. Dry areas (receiving not more than 400 mm year–1) are marked in red. These areas make up 44% of the continent's total area (three countries in Africa fall entirely in this region: Egypt, Djibouti, and Saharawi). The intermediate regime (not more than 1000 mm year–1) is marked in yellow (25% of area; affecting at least partially 75% of all African countries), and the high rainfall areas are marked in green (31%). Only the major rivers and lakes have been superimposed on the figure. Not all of these rivers are perennial. (C) Simplified map of Africa showing expected change in precipitation by the end of the 21st century on the basis of the composite of 21 leading fully coupled GCMs adapted by the IPCC for forecasting purposes (14, 24). Here, 10% change contours have been used to simplify the figure; the original models are considerably more detailed. Numbers 1 to 30 are selected positions throughout Africa where we have calculated the expected changes in perennial drainage density (Table 1). Points 1 to 20 correspond to urban areas, whereas 21 to 30 represent rural areas. 

http://www.sciencemag.org/content/vol311/issue5769/images/large/311_1917_F3.jpeg
http://www.sciencemag.org/content/vol311/issue5769/images/large/311_1917_F3.jpeg
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However, this masks local problems:

Mozambique

Malawi

South Africa



As populations grow over time, available per capita freshwater declines


Percent change in runoff by 2050

Many of the major “food-bowls” of the world are projected
to become significantly drier
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Crop ylelds decrease in the tropics and sub-tropics, C@

but increase at high latitudes

¥ield Change (%)
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Percentage change in
average crop yields
for a mid-range
climate change
scenario

Even as soon as 2020
crop yields in SSA
and parts of Asia are
projected to decrease

by up to 20%



EI-Nino C@
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Zimbabwe’s Rainfall Record: 1980-1993 defriﬁ
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Note the year to year variability and the long-term downward trend



Variability in Agricultural Production

Z-Value
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Maize Production in Selected Southern African

Countries* versus Nino 3 Data
Malwai, Zimbabwe, Zambia, 1970 - 1994
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Regional temperature variations (2080, medium

emissions) defra
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Even central estimates of changes to average summer temperature are significant:
Maps show a gradient between parts of southern of England, where they can be 5°C or
more, and northern Scotland, where they can be somewhat less than 3°C.
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The central estimate of changes
In annual mean precipitation are
within a few percent of zero
everywhere.

In winter, precipitation increases
are in the range +10% to +30%
over the majority of the country.
Increases are smaller than this
in some parts of the country,
generally on higher ground.

In summer, there is a general
south to north gradient, from
decreases of almost 40% in SW
England to almost no change in
Shetland.

Change relative to 1961-1990
average




Climate Change likely to increase K

Department for Environment
Food and Rural Affairs

the spread of animal diseases

 Ectoparasite infections
 Arthropod vector-borne diseases

 Diseases caused by anaerobic spore-
forming bacteria

e Avian diseases

e Liver flukes and parasites
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Agriculture and climate change:
adaptation and mitigation def

Adaptation

Reduce the vulnerability and increase

resilience to increased incidence of extreme

events and greater climate variability
*Breed new varieties (temperature, drought,
pest, salinity tolerant traits)
« Water harvesting, irrigation
 Agricultural practices, e.g., change

crops and planting times

r

Mitigation

Reduce greenhouse gas emissions from
especially methane and nitrous oxide

* Non exceedance of crop N requirements
» Appropriate timing/conditions for manure
application

* Increase livestock nutrient use efficiency
» Anaerobic digestion technology for
manures/slurries

« Nitrification inhibitors

» Feed supplements

€

Department for Environment
Food and Rural Affairs
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ADAPTATION

Defra has a long running research programme (£5m p.a.) to assess what climate change will mean for UK agriculture and how land managers will be able to adapt to these changes.



We know that crop yield will increase generally in UK but with greater variability due to extreme weather events.  Hence our research focus on extreme weather.  For example, research by Rothamsted and Warwick HRI has shown that:



  Different wheat varieties have different abilities to mitigate climate change.  Those that mature early avoid risk of summer drought and heat stress, in comparison to slower developing varieties. High temperatures at flowering can substantially reduce yield. 

  Sugar beet crop performance is unlikely to fail due to extreme weather, but yield variations are likely to increase with extended summer drought and changes in disease incidence.



Options for adaptation can be very simple, such as sowing crops earlier, or winter shearing, but some options that require changes to the farm infrastructure will come at a higher financial cost. 



As part of our programme, a research and innovation Network has been established that will act as a catalyst and focal point for stakeholders involved in climate change adaptation in the UK and to develop innovative solutions, such as new plant breeds and technologies to improve water use efficiency.



MITIGATION

In parallel to the work on adaptation, we are also looking at ways to reduce GHG emissions from agriculture.  A review commissioned in 2007 identified the current options available to farmers and what might be possible in the future.  Current options available include increasing livestock nutrient use efficiency and making use of anaerobic digestion technology.



Future options include using nitrification inhibitors from the soil, and feed supplements to reduce methane production from cows.  



The work also highlighted the need to improve the UK GHG inventory for agriculture, so that it can take account of emissions reductions from these activities, and we have work going on to do just that.




Agricultural S&T Challenges

» to produce, by region, the diversified array of crops, livestock, fish,
forests, biomass (for energy) and commodities needed over the
next 50 years in an environmentally and socially sustainable
manner

» to address water deficit problems, e.g., through improved
drought tolerant crops, irrigation technologies, etc

» to address soil fertility and salinzation of soils

» to improve the nutritional quality of food

» to improve the temperature tolerance of crops

» to combat new or emerging agricultural pests or diseases
» to reduce external and energy-intensive inputs

» to reduce post harvest losses

» to improve nutrient cycling

» to improve food safety



Agricultural Knowledge, Science K

and Technology ngl‘g

Knowledge, Science and Technology

m Many technologies already exist

m Need for appropriate and complementary integration of local and
traditional knowledge with formal AKST

However some challenges will primarily depend on
development of new and emerging AKST — e.g. Biotechnology
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Options to Increase production def.;@

Today’s hunger problems can be addressed with appropriate use of
current technologies, emphasizing agro-ecological practices (e.g.,
no/low till, IPM and INRM), coupled with decreased post-harvest
losses

= Small-scale farmers need access to the best seeds, financing and
access to markets

Advanced biotechnologies may be needed to address future demands
for increased productivity and emerging issues such as climate
change and new plant and animal pests — but the risks and benefits
must be fully understood



Biotechnology

Biotechnology

MNatural regeneration

Cultivation methods

Modern
biotechnology

Tissue culture

Matural breeding

MODERN BIOTECHNOLOGY

Call fusion
Transfection
Transformation

Conjugation/agroinfection

GMOs
in vitro manipulated
DNA and RNA




Current issues — Role of GM

e Potential to improve productivity, drought, temperature and
pest tolerance and enhanced nitrogen use efficiency

 However, insertion of genes is continuing to cause concern
for some consumers and governments even though GM
plants undergo extensive testing
» Health risks — little evidence, robust EU safety processes in place
 Environmental risks — need to understand gene transfer and manage
* Role of companies — some lack consumer trust

» Potential negative impact on poor farmers in developing countries —
reliance on large multi-nationals



Food and Rural Affairs
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C, and C; comparison for current CO, conditions. WUE
(transpiration) is water-use efficiency, RUE is radiation-use
efficiency, PNUE is photosynthetic nitrogen-use effectiveness

WUE RUE PNUE

g DW/kg H,O g DW/MJ mg DW s/gN

Zea Maize 29°% 3.3°

Oryza Sativa| 1.6%¢ | 2.2°

C./C, 1.8 1.5

Maize is C, --- Riceis C,

.
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Basis for Policy

Safety must be the top priority
Evidence-based approach and case-by-case assessment

Open to the potential benefits — therefore research, coupled
with open and transparent field trials, Is needed to assess the
potential risks and benefits

Support proportionate and enforceable GM labelling rules to
facilitate consumer choice

Need to develop measures to manage the coexistence of GM
and non-GM crops to minimise unwanted GM cross-pollination

Consumers will need to see real benefits before they are
accepted



The small-scale farmer

A major challenge: The small scale farmer

Pro-poor progress requires:
m creating opportunities for innovation and entrepreneurship
which targets this group

= Increased public research and extension investment

Small scale farm sustainability — poses difficult policy choices

m Payment for ecological services




Global trade policy defrzﬁ
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Trade issues

CervaruTt

“What are you complaining about? Its a level playing field.”

Opening national agricultural markets to international
competition can offer economic benefits, but can lead
to long term negative effects on poverty alleviation,
food security and the environment without basic
national institutions and infrastructure being in place




AKST Investments defé@
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AKST Investments

Shifts in funding levels and sources for agriculture

m Public sector research funding, especially that relevant to developing
countries has been irregular and has not increased with time

m Private sector funding growing, but the focus is primarily on OECD markets

m Targeted investments in S&T can yield enormous benefits —but are the
current public and private sector research activities adequate and effective?

TAACTN



AKST Investments

Public and private agricultural R&D spending by region - 2000
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In Summary: Options for Action defr(i@
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= Embed economic, environmental and social sustainability into agricultural
policies, practices and technologies

= Address today’s hunger problems with appropriate use of current
technologies, emphasizing agro-ecological practices (e.g., no/low till, IPM
and INRM), coupled with decreased post-harvest losses

= Advanced biotechnologies may be needed to address future demands for
Increased productivity and emerging issues such as climate change and new
plant and animal pests — but the risks and benefits must be fully understood

= Provide payments to the farmer for maintaining and enhancing ecosystem
services
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In Summary: Options for Action def @
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Reform international trade, e.g., eliminate OECD production subsidies,
eliminate tariff escalation on processed products, recognize the special
needs of the least developed countries through non-reciprocal market access

Increase public and private sector investment in research and development,
extension services, and weather and market information

Improve public-private-CSO involvement in AKST with accountability for
social and environmental outcomes

Build and reform AKST skill base (basic sciences, social, political and legal
knowledge) and innovation capacities of rural communities and consumers



Conclusions

Food avallability needs double in the next 25-50 years to
alleviate hunger and poverty

Global food security is achievable but business-as-usual
policies, practices and technologies will not work

Climate change poses challenges to the agricultural sector —
reducing GHG emissions and adapting to climate change

Innovation along the whole food chain, involving all relevant
stakeholders, is critical

The farmer must be in the middle — especially the small-scale
farmer — participatory processes are critical

Science and technology is critical — the risks and benefits of all
technologies must be evaluated
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