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IMPACT OF CLIMATE CHANGE AND BIOENERGY ON NUTRITION

1. Summary
Background: Unacceptably Slow Progress against Hunger and Mailitrition

Food security hadeterioratedsince 199&ndreductions in child malnutrition are proceeding
too slowly to meet the Millennium Development Goal (MDG) target for halving hunger by
2015. Threemajor challenges threaten to drastically complicdterts to overcome food
insecurity and malnutrition: climate changiee growing use dfood crog as a source dfiel
andsoaring food prices

Food securityhas four dimensions: food availability, access to food, stability of supply and
accessand safeand healthy food utilizationt is a key factor in good nutritionalong with
health, sanitatiomndcare practicesGlobally, onebillion people are currently without access
to safewater andbver2 billion lack adequateanitationfacilities.

Present tpbal food supplies are more than adequate to provide everyone with aédetied
calories if the food were equally distributedut over 820 million people in developing
countrieshavecaloriedeficientdiets; over 60 percent live in St8aharan Africaand South
Asia

Even if a person consumes enough calories, this does not guarantee adequate intake of
essentiamicronutrientsi vitamins, mineralsandtrace elementdMicronutrient malnutrition

( Ahi dde n has sanigue publiy health consequences. é&xample, wer one billion

people consume diets deficient in iron. Iron deficiency is responsible for roughly half of the
global prevalenceof anaemialron deficiency anaemia causes [#Ycent of global maternal
mortality, canimpairc h i | ceakhrad developmenandreduceadultwork performance.
Vitamin A deficiencydisorders affect 40 million people causioighdness and contribiaig to
infections and death.

One in three developirgountry children under the age of five178 million children i
suffers stuntingdue tochronic undernutritiorand poor quality dietsEighty percent of the

live in just 20 African and Asiarcountries. Stuntings associated with higher rates of illness
and death, reduced cognitive ability and school performance idrexmiand lower adult
productivity and lifetime earnings. Chronic malnutrition during the first two years of life
usually results in irreversible harm.

At each stage in the lifecycle, malnutrition has consequencesatbr successiv&age and/or
the rext generation. Minourished motherare more likely to have low birthweight bahies
that face higher mortalityand diseaseates, impaired mental and physical developnasrt
increased risk of adult chronic diseases. Stunted children living with inadegoalt, health
and carebecomestunted adolescentshe girls among thentoo oftengrow up asthe next
generation of malnourished mothers.

HIV/AIDS interacts negatively with malnutritiooor nutrition can accelerate the spread of
HIV, both by increasingp e o p Vuladiability to the virus and by increasing the risk of
infection following exposure. In turn, HIV infection can lead to nutritional deficiencies



through decreased food intake and malabsorption, which hasten the onset of AIDS. The
disease impadrthe immune systeandso can lead to additional infections.

In 2008, the United Nations is appealing for humanitarian assistanad¢or100million
people intwo dozencountries affected by conflict and political and economic breakdown.
Displacedpeope are susceptible to malnutrition because they frequently depend on food aid
thatmay for a variety of reasons logadequate in both quantity and qualitthe number of
natural disasters has increased, due to more frequent extreme weather Addedtsas
routinely fail to provide all of the resourcesquested througbdN humanitarian appeals.

Causations and Linkages: Conceptual and Analytical Frameworks

The costs of inaction are considerable, so efforts to accelerate progress against malnutrition in
all its forms should have a high place on the global policy agénddequate dietary intake
and disease are timamediate causes of malnutrition. Inadequate food consumption heightens
vulnerability to infectious diseasesvhich, in turn, can keep the bgdfrom absorbing
adequate foadThese immediate causes stem from insufficient accesaféoand wholesome
food, poor maternal and chilgkaring practicegndinadequate access to clean drinking water,
safe sanitatiorand health services. Ultimately, thedactors are embedded in the larger
political, economic, sociaand cultural environmentFood insecurity, ill healtrand sub
optimal caring practices are all closely related to povd?tor peoplegenerally consume
fewer than 2,00 calories per day.ower-income households experience significantly higher
rates of preschooler stuntirgndillness and worse caring practices tHaatteroff families.
Taken together,chronic and acute child malnutritionpw birthweights, suboptimal
breastfeedingand micronutient deficiencies lead to the deaths of 3.6 million mothers and
preschool children each yeasccountingfor 35percent of all preschooler deaths and 11
percent of the globaliseaseburden.Difficult pregnancies and illnesselkie to malnutrition
costdeweloping countries$30 billion annually. Lost productivity and incomesulting from

early deaths, poor school performance, disabiity absenteeism raise tlyearly total into

the hundreds of billions of dollarddalnutrition also reflects and contribigeto inequity,
disproportionately affeatg poor, marginalizedand extremely vulnerable groups. While the
policies and programes needed to address malnutrition will require substantial resources, the
costs of not tackling malnutrition are considerabléurthermore, food insecurity and
malnutrition infringe on the human right to adequate food.

Future Challenges and Major Issues and Risks

In addition to climate changeand rising bioenergy demandhe following factors will
constrain efforts to reduce matntion in the coming years:

e demographic forces;

e widespread land degradation and scarcity of fresh water resources, resulting from
both bad management practices, inappropriate land uses for a certain land class and
impacts from climate change and extrechimate variations;
structural shifts in the food and agricultural system;

e transboundary movement of diseases;
environmental and energyessues



World population will increase by 37 percent, to 9.2 billion pedple2050 Anticipated
economic growth 06 percent per year in developing countries during the next few gedrs
rapid urbanization will alstead to increases in demaand structural shifts in diets

Productivity growth in cereals, the main stafded cros, declined dramatically in the 189
andcontinues to decline for maize. A major reason is underinvestment in agechituaid
donors and developiagpuntry governments

The global food system has a dualistic structditee vast majority of farms (85 percent)
remain operations of lesthan two hectaresBut the 0.5 percent of farms that exceed
100hectaresapturea disproportionate share of global farm income, enjoy privileged access
to policy makersand particularly in developed countries, receganerousubsidiesOutside

of farming, buying powelis increasingly concentrated in the hands of supermarkets and other
powerful corporate actorgreferencef affluent consumers in highand middleincome
countries are shaping global food and agricultural systeoftering smallholders
opportunities and niche marketsowever,they may face difficulties in beingple to produce

up to the standaras the buying agents

Agricultural intensification, rapid growth in international tradend more frequent
international travel offer opportures to bolster rural livelihoods. However, there are also
substantial risks from the spread of plant ptaht pestsanimal diseaseasndinvasive species
across international bordemadclimate change will heighten these risks

Efforts to intensify agcultural production have helped boost food output, but some
agricultural practices have takeseveretoll on the natural resource basethe absence of a
yield-boostingtechnological breakthrough, increases in food production will have to come
from area expansion. That would requireultivation of fragile or marginal landand
destruction of forests and wildlife habitat, causing biodivelsgand increased greenhouse
gas(GHG) emissionsFood and agricultural production faces growing competitianwfater

from home and industrial use.

By April 2008, crude petroleum prices reached artimé high of US$120 per barreind
helped to raise demand for biofuels.iSfimears increased costs fdertilizer, operating farm
machineryandtransportation of kb inputs anautput

Climate Change, Food Securityand Nutrition

The large and expanding populations in developing countries derive their livelihoods from
agriculture and will, therefore, be especially vulnerable to climate ch@figeate change and
variability will have significant impacts on food security and malnutrition. Thilylead to
more intense and longer droughdsd the frequency ofheavy precipitationevents has
increased over most land arelss very likely that heat waves and hegungcipitation events

will continue to become more frequesnd that futurdropical cycloneswill become more
intense.Droughts and water scarcity diminish dietary diversity and reduce overall food
consumptiorandthis may lead to malnutritiohe risk offlooding may increase, from both
sealevel rise and increased heavy precipitation in coastal aiidas is likely to resulin an
increase in the number of people exposedisorhoeal and other infectiowdiseases, thus
lowering their capacity to utilssfood effectively During the course of th&1% century,water



supplies stored in glaciers and snow cover are projected to decline, reducing water availability
in regionsthat are home tonesixth of the worlé population.

Deforestation, agriculturandlivestock production systems further accelerate climate change.
The expansion of livestock and biofuel sectors &aanajor role in deforestation and land
degradation. Vulnerability to adverse effects from climate change differs by region,
ecosystem, gpulation groupandgender. The most vulnerable people will suffer earliest and
most, so climate change should be addressed in a way that is fair asaddiadherent to the
human rights principles of nediscrimination and equality.he regiondikely to be adversely
affected are tbse already most vulnerable to food insecuatyd malnutrition notablySub
SaharanAfrica. In seasonally dry and tropical regions, crop productivity is projected to
decreasewith even small local temperature increasesAfnica, by 2020,75-250 million
peoplewill be exposed to increat&vater stresglue to climate changén much of Africa,
agricultural productiorandaccess to foodreprojectedto be severely compromised.

Projected climatehange related exposures akely to affect the health status of millions of
people, particularly those with low adaptive capacity, through:

e increased deaths, diseaaed injury due to heatvaves, floods, storms, fireand
droughts;

increases in malnutrition;

increased frequency oaio-respiratory diseases;

atered spatial distribution of some infectiedisease vectorand

increased burden of diarrhoeal diseases.

Due to the very large number of people that may be affected, malnutrition, linked to extreme
climatic events may be one of the most important consequences of climate change.
Populations at greater rigif food insecurityinclude smallholder and subsistence farmers,
pastoralists, traditional societies, indigenous people, coastal populaimhsartisanal
fisherfolk. Men and women are affected differently in all phases of climeleted extreme

weat her . Many of t he wuoralWwothénsin dpveloping countries eitwp | e
depend on subsistence agriculture to feed their famiibshate change could add to water

and foodinsecurityandincrease the e  w 0 maknevess.

Impacts on Food and Water Security and Nutrition

There are many pathways through which climate change and variability may ifioogcand
water security and nutrition:

e increased frequency extreme climatic events

sealevel rise and flooding of coastiands leading to salietion and or contamination
of water and agricultai lands

impacts of temperature increase and water scarcity on plant or animal physiology
beneficial effects to cqpproduction throughCEA f er t i1 i zati ono
influence on planand livestoclkdiseases and pest species and livestock diseases
damageo forestry, livestock, fisheriemndaquaculturgand

impaired sustainability: socieconomic, political/armed conflicanrd demographic
impacts.

q



Multiple sociceconomic and environmental stresses, such as globalization, limited
availability of water resources, loss of biodiversibge HIV/AIDS pandemiandconflicts, are
further increasing sensitivity to climate change settlicingagriculturalresilience

Climate change is likely to exacerbadtes declining reliability of irrigation water supplies
leading toincreaseccompetition forwater Water scarcity may lead to multiple adverse health
outcomes, including waterborndiseases, exposure to chemicals, vebtwne diseases
associated with watestorage systemsndmalnutrition.Drought and water scarcity can have
negative effects on nutriticendthe HIV/AIDS epidemic may further ampjitheseeffecs.

Children in poo rural and urban slum areas are at high risk of diarrhoeal disease mortality and
morbidity. Childhood mortality due to diarrhoea in kimcome countries, especially in sub
Saharan Africa, remains higindchild malnutrition is projected to persist in regs of low
income countries

Impacts on Food Security

Climate change will affect all four dimensions of food securAgricultural output in
developing countries is expected to declinelBy20 percent by 280. Globally, the potential

for food produdbn is projected tgyrow with increases in local average temperature over a
range of 13°C, but above this it is projected to decrease. In seasonally dry and tropical
regions, even slight warming-@°C) reduces yieldTemperature increases of more ti&g

may causdood prices to increase by up to #@rcent Temperaturericreass areleading to
changes irthedistribution of marine fisheries. Increase atmospheric C@areraisingocean
acidity. Rising seawater temperatuie associated with increaseténsities ofVibrio sppin
shellfish which is a major cause of diarrhoea

Changes in the patterns of extremeatherevents will affect the stability of, as well as access
to, food supplies.Increasing frequency of crop loss due tteese extreme events ay
overcome positive effects of moderate temperature insekse forests, elevated risks of
fires, insect outbreakandwind damage are projectdéood insecurity and loss of livelihosd
would be further exacerbated by the loss of cultivated land arsgnyuareas for fisheries
through inundation and coastal erosion indgimg areas.

Climaterelatedanimal and plant pests and diseases and alien invasive aquatic spicies
reducefood availability,influence production systestability andreduce fod accesshrough
reduction of incora from animal productioripwer cropyields, lessenedorest productivity
andchanges in aquatic populatigas well as increased costs of control

Climate change may affect health outcomes and food utilization witkicad malnutrition
consequences. For example, populations in wsttarce regions are likely to face decreased
water availability. Flooding, increased precipitaticend higher temperatures are likely to
increase the incidence of infectious atidrrhoealdiseasesClimate change is projected to
increase the burden of diarrhoeal diseases inihoeme regions by approximately32
percentby 2020. In the long termin some areas the geographical ramjemalariawill
contract due to the lack of the necegshumidity and water for mosquito breedjnigut
elsewherejt will expand and the transmission season may be changed. It is estimated that in
Africa, climate change will increase the number of pemsamths of exposure to malaria by
16-28 percentoy 2100which will affect food availability, accesmdutilization.



Climate Change and Sustainable Development

Sustainable development can reduce vulnerability to climate change by enhancing adaptive
capacity and increasing resiliencEor example, sustainablmtensification of livestock
production can reduce GHG emissions and other negative environmental in(padise

other hand, climate change can slow the pace of progress towards sustainable development,
either directly through increased exposure to advergact or indirectly through erosion of

the capacity to adapt.

Social Impacts of Climate Change

Smallholder and subsistence farming households in the dryland tropics are particularly
vulnerable to increasing frequency and severity of draughtese ray lead toa higher
likelihood of crop failure; increased diseases and mortality of livesiadebtedness, out
migrationanddependency on food reliedndimpacts on human development indicatsush

as health nutrition and education Drought and the ansequent loss of livelihoodsealso a

major trigger for population movements, particularly rural to urban migration. Population
displacement to urban slums can lead to increases in diarrhoeal and other communicable
diseases and poor nutritional staflise United Nationsprojects that up to 5fillion people

will flee environmental deterioration by 202(possibly leading tofood and water
emergenciesll health and malnutritiomndincreased likelihood afonflict.

Adaptation and Mitigation Strategies

Adaptation strategies to climate change for food security could be autonomous or planned.
Many autonomous adaptation options are extensions or intensifications of existing risk
management or producti@nhancement activitieghere has been little evaltion of how
effectiveand widely adopted these may actually be, gittencomplex nature of agriculture
decisionrmaking, thediversity of responses within regionand the possible interactions
between different adaptation options and economic, instilfitmman and environmental
healthand cultural barriers to chang&lany options for policybasedplannedadaptation to
climate change have been identified for agriculture, for@stdisheries. These can involve
developing infrastructure or building tleapacity to adapt in the broader user community and
institutions. Policybased adaptations will interact with, dependamnperhaps even be just a
subset of policies on natural resource management, human and animal health, goagghance
humanrights.

Agriculture, land use@ndwaste account for 35 percent of GHG emissidiighe same time,
agricultural practicexzan make a significarontribution at low cost to increasing soil carbon
sinks and GHG emission reductionsReduced deforestation, more susthie forest
managemenand adoption of agroforestry (integration of tree and crop cultivation) have
particularly good potential to capture significant amounts of carbon and other GHGs and, at
the same time, contribute to poverty reductidmgroforestry hgbs maintain soil health
through nitrogen fixatiorand provides fodder, fruit, timber, fuel, medicinasdresins. This
can help improve nutrition in cultivator households through higher incomesaretiverse
diets Improvedwaste management canhancepublic health. However, not all the land can
be in agroforestry, thus it is important to consider also the appropriatevited management
practices for a particular soil type and agamsystems to reduce GHGs.



Nutrition and Bioenergy

Rising petrol pices have madeew biofuels such as ethanol and biodiesah attractive
alternative energy sourc@echnologtal development has recently made therore cost
effective and energgfficient, but biofuels offeronly a very small gainn energy efficiency
and their production minimally reduceSHG emissionsResearch is underway to develop
cellulosic biofuels fromlow value norfood crofs, such as grasses or wodmlt theseare
more difficult to process than starch or sugar ceopdit is not clear that thir production will
expand significantly in the near future.

Biofuel production can have negative impacts on nutrition through increased GHG emissions
that may result from burning forests to clear land for crop cultivation, as well as through direct
effeds on health and sanitation and reduced food availability and associated price effects.
Growth ofthe biofuel sector may lead to wagdrortages andontaminationUse of sugarcane

as a feedstock is particularly waiatensive Water scarcityn developng countries is aause

of concern for agricultural productivityhealthand sanitation. Poorly managedput usein

energy crop cultivatiortould pollutedrinking water, adversely affecting human and animal
health. Increasing prices are leading to the edsion of food and feed crops to biofuel
production This canreduce food availabilittand may consigfood and feedproduction to

less productive landgducing yields

In relationto such effects, the International Food Policy Research Institute (IlEB&Rf)ates

that rising bioenergy demaratcounted for 30 percent of the increase in weighted average
grain pricesbetween 2000 and 200The impact wa89 percent of the real increasenmaize
prices.

A rise in the food bill for householdbat are net lyers of food mayeadto thesubstitution

of starchy staple®r micronutrientrich animalsource foodsegumes, processed foods, fruits

and vegetablesandto a reduction in the average number of meals and the amount of food
consumedandtherefore to redced micronutrient intakes among poor peopbgremely poor
peoplewill experience decreadecalorie consumptionlFPRI projects that in 2020, if biofuel
development proceeds at or exceeds its current pace, calorie availability will decline and child
malrutrition will increase substantially, particularly in S8kaharan Africa.

Appropriate policies can make bioenergy development morg@guo and environmentally
sustainable. Poor farmers might be ablgtow energy crops on degradedmarginal land
not suitable for food productiorFurther investment is needed in developing technologies to
convert cellulose to energy, whicbuld providesmallholderswith amarketfor crop residues
Biofuel production is labouintensive,offering new job opportunitieOrganizing groups of
smallholders through contract farming schemes to grow and market biamakkbe more
pro-poor than plantation productiomechnologiesinstitutional arrangementnd bioenergy
crop choiceare important to determining impaan povety and the environmen©Outgrower
schemes could allow for technology spilloverddod crogs, meaningadditional growth and
poverty reduction benefitsas well as increased food availabilifyhere may be barriers to
female farmers taking advantage ofporptunities as theyhave less access than men to land,
water, credit, inputandservices.



Policies and Programmes for Improving Nutrition

The ultimate causes of food insecurity and undernutrition are social, economic, auialral
political. Therefoe, it is essential that efforts to achieve food security and good nutrition
address these causes.

At the regional andnational level, developing countries have issued national policies and
plans of action on nutritigrbut these oftedo not prioritize ntrition actions assuredequate
budgetary allocationspr incorporate appropriate specific actions to address the problems
identified. Accelerated progress against food insecurity and malnutrition requires that
governments put appropriate policy responsesh higher on their agendas, with adequate
resources providedBr azi | 6 s ZomeZerdi praggm shows the tremendous
difference it makes whegovernmerg make food security and nutrition high priorities.
Donors must provide technical and finah@apport. The potential impacts of climate change
and bioenergy demand increase the urgency of acti@mmonised largescale multi-
component programmes are required to make a differamdshould include the following
steps:

e create an enabling envimment to promote peace, eradicate poventy remove
gender inequality;

e promote a fair and mark@riented world trade system;

e increase investments in human resources, sustainable food production systems
rural development;

e implement policies to improvehysical and economic access by all to sufficient,
nutritionally adequatandsafe food and its effective utilization;

e focus on participatory and sustainable agriculture;

e Use a Anutriti on-secteral acionstt®m implove fowseholdnfoold t i
security; improve food quality and safety; prevent, contaold manage infectious
diseases and micronutrient deficiencies; promote appropriate ididtsding breast
feeding and healthy lifestyleprovide care for the vulnerable, includipgople living
with HIV/AIDS; introduce productive safety netsd provide direct assistance;

e prevent and prepare for emergences

¢ build antirhunger alliances.

Governance Issues

A number of governance issubave a considerable bearing on food security and nutrition
Both food security and nutrition are mesiectoral issues, but developing country
governments are composed of sectoral ministries that frequently view budgetary allocation as
a zeresum game. Nor do senior policyakersalwaysrecognize the costs of uahutrition.

Many developing countrielck adequate human resourcés fragmented and incoherent
international nutrition systewomplicates these problems

Resources for nutrition are inadequagenual donor fundingruns at less than US$300
million, compared to US$2.2 billion for HIV/AIDS and several billion dollars in food aid. In
real terms, aid to agriculture is about half the level of 25 years@geernments of low
income countries devote 19 percent of their budgets to military expenditures redrigpbess
than 5 percent for agriculture. Military expenditures account for 2.6 percent of GDP-in low
income countries, compared to goercent for public health. There are some indications that
priorities are changing he African Unionseeks to boosgriculture to 10 percent of member



budgets and bring agricultural growmth six percent per year. The World Bank is putting
renewed stress dyoth nutrition andagriculture.

There is an urgent need to refothre global humanitarian responser exampleby moving
towardsa more insuraneeriented approach that guaranteeapdresponse.

A RevialisedTwin Track Approach

At the International Conference on Financing for Development held in 2002, FAO, the
International Fund for Agricultural Developme@iFAD) and the World Food Programme
(WFP)agr eed wuptornacak fatpwirnoacho f or cstrengtheing ng hu
the productivity and incomes of hungry and ppeople targeting the rural areaanddirect

and immediate access to food by hyngeopleand social safety net¥he latter include food
transfers, conditional and unconditional cash transfedpublic work programmeand may

be targeted or universal.

Introducing improved water management, use of green manures, agrofaresitirer low

cost, simple technologies not only enhanttee productivity and incomes of small farmers,

but also their role astewards of natural resourcesvésting in rural infrastructure can reduce

the lethal impact of watdrsorne illnesses, improve accasshealth cargprevent thousands of

needless child and maternal deadinsl open links to markets where farmers can sell surplus
produce and acquire fertilizer and other inputs at reasonable [ieasures to provide direct

access to food for the neeslidamilies such as feeding programmes for mothers and infants

target the hub of the vicious cyctd hunger and malnutritionhat undermires maternal

health, stursc hi | drends physical & isathool perfgrmantainds e g r o
impedesprogressowards gender equality and the empowerment of women.

High food prices exacerbate food insecurity and create social tensignisigh agricultural
commodity prices also present a potential opportunityrémersing the decline ipublic
investment in ageulture More food needs to be produced where it is urgently needed to
contain the impact of soaring prices on poor consuargdsimultaneously boost productivity

and expand production to create more income and employment opportunities for rural poor
peqle. Smallholder farmers need to have proper accesedources, infrastructurand
services. This will allow them tmcrease their supply response to higher priégsicultural
researchneeds to enhance its focus on mitigatioraid adaptation to climate chang@andon
pro-poor biofuel developmentincreased agricultural productivity can increase food
availability, rural employmertndaccess to food by reducing pricégricultural growth wi
stimulate growth in other sectorppropriate policies andhstitutions, such as organization

and collective action, can help facilitate smallholder participation in value chains on a fair
basis.Agricultural and rural development strategies must recognize the important roles that
women play in food security anautrition and take into account the need for sustainable
natural resource management.

FAO needs taretain its focus on a twitrack approachThis now needs to beade more
explicit to ensure thagbolicies and programmese put into effecto boost suppl, not only by
the larger commercial farmers but alsrgeted tosmallholders, while at the same time
designingsocial protection and safety ndtsat protect the vulnerable and direct nutrition
interventions.
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Direct Nutrition Interventions

Good nutriion makes an essential contribution to the fight against poverty. It protects and
promotes health; reduces mortality, especially among mothers and children; encourages and
enables children to attend and benefit from school; and enhances productivitg@mes in
adulthood.The increased participation of poor and vulnerable people and of wontka in
development process that may arise from effective community nutrition programmes will
likely lead to more effective demands for improved services and terhete of existing
resources.

With regard to preschooler malnutritiothhe crucial A wi ndow of igsfifgmnor t uni
conception through the first 884 mo nt h s o fEffeztivecitterventdodsstardeting e
infants and young children includg®provingfood consumption and nutrient intakes through
improved complementary feeding and dietary diversityeastfeeding promotion, salt
iodisation, vitamin A and zinc supplementation, vitamin A fortification, hamadhing and

hygiene interventionsind treatmentof severe acute malnutritionnterventions shoulahot

neglect other age groups, other family members, oritmame childless households who

may equally be in need of supporhe care of adolescent girls and pregnant women is vital

for protecting theiown health and that of their future children.

A new approach to tackling micronutrient malnutritiontisoughfi b i of or,awhitch cat i o
involvesdeveloping micronutrieaiense crop varietieBreeding effortaalsoaim to develop

varieties with agronomally desirable traits. Biofortification may be more sustainable than
supplementation or fortification, as it has lower recurrent costs.

For those living with the disease, better nutrition can postpone HIV/AdESed illnesses,
such as diarrhoea, pneun@andtuberculosis. Nutrition policies can provide incentives for
improving diets, for strengthening the nutrition focus of health senaoesfor ensuring
nutritionally balanced food aid as a safety net.

Educating Girls

IFPRI research has shown theipr ovement s in girlsé educatio
reducing child malnutrition indeveloping countries during 19B®, but & present,
100million primary schoolaged children are not enrolladd57 percent of these children are

girls. School mealsand foodfor-education programs can help achieve full enrolments,
educational gender equaliydimproved food security.

Priorities and Approaches for Responding to Threats to Nutrition from Climate Change and
Biofuel Demand

A combination of adaptatioand mitigation measures, sustainable developraedtesearch

to enhance both adaptation and mitigation can diminish the threats to nutritiocliimoate
change.On averaggecereal cropping systemadaptationssuch as changing varieties and
planting timesenable avoidance of a 1 percentreduction in yield corresponding @

1to 2°C local temperature increase. The benefits of adaptation tend to increase with the
degree of climate change upa® C temperature increase, at whigbint adaptive capaciin

low latitudes is exceededhanges in policies and institutions will be needed to facilitate
adaptation. Adaptation measures should be integrated with development strategies and
programmes The development of adaptation strategies should consideratiagitation
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capacity depends on geographical situation, economic developmagéuntal resource social
context, institutions, governancand technology. With regard to mitigation, financial
incentives can help promote improved land management, mainteoiasgit carbon content

and efficient use of fertilizers and irrigation. This could encourage synergy with sustainable
development and reducing vulnerability. It can also help improve the health environment.
Incentives to improved waste management, as agetitronger regulation, would improve the
sanitary environmenBustainable development can reduce vulnerability to climate change by
enhancing adaptive capacity and increasnegilience. Sustainable development should
promoteadaptiveand mitigation stri@gies.

Agriculture, food and nutrition issues need to be placed onto national and international
climate change agendas, in order to devise effective andomopolicies. The expiration of

the Kyoto Protocol in 2012 offers an opportunity to bring thssees to the tablé&AO and

other international organizatiorshould assist amtries to assessapacity building needs
Adopting a human righésperspective when tackling the challenge of climate change puts
people at the centre of attention of decismwaking. Sustaining and protecting the
environment against degradation will be enhanced through the protection and promotion of
human rights.At the same time, dman rights cannot be fully realized without securing
ecosystem services

Biofuel production indeveloping countries should be carefully designed, so as not to crowd
out other development investments. Policies should ensure that smallholders, including
women farmers, have access to resources so that they can participate in biofuel production on
a far basis. Policies need to examine and regulate the environmental consequences of biofuel
developmentincreased investment in agricultural productivity will hdgveloping countries
increase their own food production and be able to engage in the bio&uket. Global
cooperation is needed on R&D to bring technologies on line that will allow production of
biofuels from norAood crogs. Developedcountry governments should remove trade barriers

to developingcountry biofuel exportaand along with internatinal organizations such as

FAO and the international financial institutions, provide financial and technical assistance to
pro-poor, sustainable biofuel projects in developing countries. Develaoingtry
governments need to conduct food security andtimtimpact assessments before launching
biofuel projects.
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2. Introduction

Purpose of Paper

Despite a dozen years of solemn pledges by global leaders to take action to drastically
decrease world hungérpromises made at the World Food Summit in 1986, Millennium
Summit of 2000and high-level follow-up meetings held during the course of the present
decade food security in the world hadeterioratedsince 1995. This has contributed to the
unacceptablglow paceof cutting theprevalenceof malnutrtion: between 1990 and 2005, the
prevalence of child underweight in the developing warhdly fell from 30 to 23 percent. At

that rate, it will not be possible to mdage Millennium Development Goal (MDG) target of
halvingtheunderweighfprevalence betven 1990 and 2015.

Against this very disappointing backgroundrele major challenges have arisen that threaten

to drastically complicate efforts to overcome food insecurity and malnutrition: climate
changethe growing use diood cros as a source dfiel (bioenergyandsoaring food prices

As a result of climate change, agricultural producion theavailability of and access$o

food are likely to decline drastically in Staharan Africa and South Asighat will increas

the risk of hunger andhalrutrition in the two regions that are home to three of every five
undernourishegeople. Furthermore, climate change is expected to increase undernutrition
through its effecon illnesses, such as diarrhoea and other infectious diseases. The expected
increases in the frequency and intensity of droughts and floods and their potential impact on
crops and cattle losses are especially worrisddner weather may reduce the transmission

of malaria insome places in SuBahararAfrica, while in others, the geogphical range will
expand and the transmission season may be ch@higézlet al, 2007).

For its part, rising bioenergy demand is likely to affect nutrition through a number of
pathways. First, production of stagteod crofs, particularly maize, for bfael marketscan
have a negative impact on the availability of grain for direct consumption as food and for use
as feed for livestock to produce meat and milk. As demand for biofuels is likely to remain
high and to be met witfood cros for the foreseeablfuture, this may lead to the clearing of
biodiversityrich land for cultivation including tropical forests and wetland8urning of
forests will mean additionagémissions of thegreenhouse gas (GHGs) that cause global
warming.Intensified productionfoenergy crops such asigarcaneas well as increased cereal
production to meet competing demard food, feed, fibreandfuel, may mean excessive or
poorly managed use okater andfarm chemicals, causing illnesses and deterioration in
environmenral hedth, with negative implications for nutrition.

In addition, bioenergy demand is a significant driver of recent dramatic increases in food
prices; according to an analysis by IFPRI, it accounted for 30 percent of the escalation in
global cereal prices beegn 2000 and 200&nd for nearly 40 percent of the increase in the
real global price of maize (Rosegra008). Increased food prices are likely to result in
calorie deficits, but even more importantly, they will probably caunsieronutrient
malnutrition,as lowincome people may reduce their consumption of micronutriehtfoods

(such as animal products, frusind vegetables) in an effort to maintain consumption of
increasingly expensive staplekan Ziegler, the former Special Rapporteur on the Rayht
Food of theUN Human Rights Council, has gone so far as to tb&lgrowing use ofood

cros to produce biofuel $errdte?200d.r i me against hum
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Neverthelessstrongbioenergy demand also offers opportunities to smallholder farmers. If the
right policies are in place, they may be able to boost their incomes and take advantage of
technological spillovers to improvieod cropproduction alongside their energy crops. This

has positive implications for both food availability and access, keysh@r good nutrition.

A human rightsdbased approach a conceptual framework that is normatively based on
international human rights standards and operationally directed to promoting and protecting
human rights can provide the tools for balancing nyafactors, reaching easier consensus
andconducting a more effective and complete analysis, as well as a more authoritative basis
for advocacy and for claims on resources. The human rights framework also offers the
opportunity of embracing environmentalnoerns more explicithandis thus highly relevant

to assessing the challenges of climate change and bioenergy for nutrition.

To explore these issues in greater depth, the Food and Agriculture Organization of the United
Nations (FAO) has organized a skeventon Climate Change and Bioenergy: Implications

for Nutrition, Food Safetyand Human Health, to be held during the Higavel Conference

on World Food SecurityThe Challenges of Climate Change and Bioenergyp dmne 2008

in Rome. This paper isne of three background documents prepared feisttle event. It was

jointly written by teams from FAOand the International Food Policy Research Institute
(IFPRI). The paper examines the consequences of climate change and rising bioenergy
demand for suatnable development, food securydnutrition throughout the lifecycle.

Concept and Content

The paper begins by laying out the current state of global food insecurity and malnutrition,
including magnitude, trendand future projections. The causes,nsequencesnd costs of

food insecurity and malnutrition are explor@dalnutrition is clearly a severe impediment to
sustainabledevelopment and human securdyg it slows down economic growth and the
achievement of equity. The paper briefly lays out miper of factors besides climate change,
bioenergyandrising prices that will likely contribute to malnutrition in the future.

The paper then explores the implications of climate change and rising bioenergy demand for
nutrition. Agricultural activities cetribute to climate change, but can also play an important
role in adaptation and mitigation strategies, as weh &sosting food availability.

Next, he paper examines the direct nutrition effects of rising bioenergy demand, as well as its
contributon to rising food priceslt also discusses potential strategies for cultivation of
bioenergy crops that can contribute to poverty reduction, food seandsustainable natural
resource management.

A chapter on policy implications provides a numberopfions for improving food security
and nutrition, as well as for addressing the links between climate clzembeioenergy
demand on the one hand and nutrition on the otfidre paper concludesvith
recommendations.
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3. World Food Insecurity and Malnutri tion: Scope, Trends, Causeand Consequences

Dimensions of the Nutrition Problem

Apart from any consideration of the impact of current and future climate change and
bioenergy demand, the world food security and nutrition situation and outlook areowwrris

Food insecurity and malnutrition represent serious impediments to sustainable development,
poverty reduction, equitgndachievement of the Millennium Development Goals (MDGS).

Food securityexists when all people, at all times, have physical anthau@ access to
sufficient, safeand nutritious food to meet their dietary needs and food preferences for an
active and healthy life (FAQL996). It has four dimensions (see Figure 1): food availability,
access to food, stability of supply and accesslsafe and healthy food utilization. Stability
depends on food production, incomes, marlaid transfer programmes (both public and
private)and can be adversely affected by shocks due to weather, price fluctuations,-human
induced disasterand political ard economic factors. Utilization refers to the proper use of
food andincludes theexistence of appropriate food processing and storage practices, adequate
knowledge and application of nutrition and child carel adequate health and sanitation
servicedFAO, 2000; FANTA, 2006).Foodsecurity isa key factor in good nutritiortogether

with health, sanitatioandcare practices (Figure 1).

With regard to food availability, present global food supplies are more than adequate to
provide everyone with all thealorieshe or she needs for an active and healthy life, if the
food were equally distributed. As Figure 2 indicatesr capitadaily calorie availability
currently exceeds 200 (the average energy requirement for adults undertaking light activity)
in dl global regions, though barely so in S8hharan Africa. However, this abundance of
food is not, in fact, equally distributed, so hundreds of millions of people in developing
countries actually consume less than their minimum requiremaontarding to he latest

data, over 820 million people in developing countries are undernourishetheaiediets are
caloriedeficient. More than 60 percent of these food insecure people live in South Asia and
SubSaharan Africa, whi ch f(Feaguren3).This nag bervieveed ase nt r e
an infringement on the human right to adequate food, which implies availability and
accessibility of food in sufficient quantity for all (UNCESCE99).

Ironically, fully half of all food-insecure people are small fanmmeeEven though they grow

food, they lack the resources to meet all of their needs through either production or purchase.
Another 30 percent of hungry people are fishers, herders, or landless rural pedgie
remainder are poor urban dwelletd\ Mille nnium Project2005).

Hidden Hunger

Even if a person consumes enough calories, this does not guarantee adequate intake of
essentiamicronutrients’ vitamins, mineral@ndtrace elements. Micronutrient malnutrition

oftenc al | ed fihi ddsentishal reagliyy apparentdrocfmioal signs ofa wasted

body1 afflicts a far greater swath of humanity than insufficient calorie intake.
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FAO/FIVIMS Framework: linkages between the overall development context,
the food economy, households and individual measures of wellbeing
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Moreover, insufficient calorie consumption oftgoes handn-hand with micronutrient
malnutrition (FAQ 2004). Micronutrient deficiencies can have grave public health
consequenceas noted below)Micronutrient malnutrition can likewise be viewed as an
infringement on the human right to adequate fadtich implies availability and accessibility
of food inquality sufficient to satisfy the dietary needs of everyone (UNCESOR9).

Over one billion people consume diets deficient in iron (Trowbridge and Mast2@€lR).

Iron deficiency is responsibleorf roughly half of the globabrevalenceof anaemia, which
affects about half of all pregnant women, 56 percent of pregnant women in developing
countriesandover threequarters of pregnant women in South and Southeast Asia, as well as
63 percent of presclol children in the latter two regions and 39 percenalbtieveloping
country preschoolers (ACC/SCN and IFPRI00; Harvest Ply007).
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Figure 2 FoodsAvailable for Consumption (kcal/cap/day)
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Around 115,000nomen die in childbirth each year as a result of iron deficiency anaemia,
accounting for 20 percent of global maternal mortality (ACC/SCN and |[FRRD; Blacket

al., 2008). Anaemic mothers are more likely to deliver prematurely, to deliver babies with low
birthweightsandto have babies who die as newborns. Anaemia among children can impair
health and development, limit learning capacity, impair immune sysémiseduce adult
work performance. Iron deficiency can reduce work performance even if it dosessatitin

anaemia (ACC/SCN and IFPR2000).
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Lack of adequate iodine in maternal diets can lead to spontaneous abortion and stillbirths. The
children who survive face cretinism, a serious and irreversible form of mental retardation, as
well as milder redrdation (WHQ 2006).

Insufficient vitamin A intake among developingountry children causes blindness and
contributes to infections and death. About 20 million pregnant women in developing countries
have vitamin A deficiency (VAD); they face increaseskrof mortality and motheto-child

HIV transmission, as well as blindness (WHZD01). VAD impairs the immune system of
about 40 percent of the children under the age of five in dpweg countries, causing about

one million child deaths annually. In Ima, the prevalenceof VAD among preschoolers is

60 percent. The prevalence of VAD declined in all developing regions during the 1990s, but at
extremely slow rateandhas remained unchanged in Ssidharan Africa since the mi®90s

(Ml and UNICEF 2005).

|l nadequate dietary zinc can | ead to stuntin
and greater susceptibility to infections. Over 60 percent of the populace of the developing
world is thought to be at risk of low zinc intake; the figure is &ent in Southeast Asia and

fully 95 percent in South Asialé Benoiset al, 2007).

The Deadly Scourge of Child Malnutrition

Malnutrition takes a particularly severe toll among preschool child@me in three
developingcountry preschooler$ 178 milion children under the age of five suffers
stunting as a result of chronic undernutrition (Blatkal, 2008). Eightypercent of thee
childrenlive in just 20 countries in Africa and the AsRacific region ¢ee Box 3.1 In India,

61 million prescholers (51 percent of the children under the age of five) are stunted. Both the
number and therevalenceof underfive stunting in India exceed the figures for all of Africa
(57 million and 40 percent) (Blaek al, 2008).

Box 3.1: Twenty countries are homg
preschoolers

Africa Asia-Padfic
Democratic Republic of Congo Afghanistan
Egypt Bangladesh
Ethiopia India
Kenya Indonesia
Madagascar Myanmar
Nigeria Nepal
South Africa Pakistan
Sudan Philippines
Tanzania Viet Nam
Uganda Yemen
Soure: Bryceet al.(2008).
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Stuntingis associated with higher rates of illness and death, reduced cognitive ability and
school performance in childreand lower productivity and lifetime earnings for adults.
Indeed, heightor-age among twayearolds is the best predictor of adult human andspdal
capital. Chronic malnutrition during the first two years of life usually results in irreversible
harm. Children become stunted not only as a result of insufficient calorie intakes, but also
because of poor quality diets. Children who become stuntéukifirst two years of life and

gain weight rapidly after thahay beat high risk of nutritiorrelated chronic diseases, such as
obesity, diabeteandhypertensionloddinottet al, 2008; Victora et al, 2008; World Bank

2006; FAQ 2004).

Another 55million preschool children in developing countries are wasted (i.e., they have
lower thanexpectedveight for their height) due to acute malnutrition. Severe wasting afflicts
more than a third of these children (19 million) (Blatkal, 2008).

Each yearover 19 million babies are born in developing countries with low birthweights (less
than 2.5 kilograms), accounting for 16 perc
South and Central Asia, the figure is 27 percent. These children face foartlimmeisk of

neonatal death of those with normal birthweigitslif they survive, they have much higher

rates of illness and stunting in both childhood and as adults (Btaatk2008; FAQ 2004).

Nutrition Throughout the Lifecycle

As Figure4 indicates, at each stage in the lifecycle, malnutrition has consequenazior
successivestage and/or the next generation, particularly amonginocame households in
developing countries. Mothers who suffer chronic caloric or micronutrient deficiencies are
more likely to have low birthweight babies: in effect, they pass their malnutrition on to the
next generation (Blackt al, 2008; World Bank2006; FAQ 2004). These mothers also face
increased risk ofleath inchildbirth. Low birthweight babies face tgr mortality rates,
impaired mental and physical developmantl increased risk of adult chronic diseases. If
these conditions are combined with poor care and feeding practices, inadequate food and
healthand as a result, frequent infections, the childl either die prematurely or face high
risk of reduced mental capacity. Stunted children living with inadequate food, aedlthre
remain stunted as adolesceatslface reduced physical capacity. The girls among them, with
continued inadequate foodedlth and care, grow up too often as another generation of
malnourished mothers who have low birthweight babies of their own. Adults affected by
malnutrition may have a low body mass index or nutritional oedema (retention of fluid). If
malnourished adultsontinue to have inadequate food, heatid care into old age, they
remain malnourished and are less able to assist in caring for children (\attaka2008;

SCN 2004).

HIV/AIDS and Nutrition

HIV/AIDS currently affects 33 million people, 70 percafitwhom are in Subaharan Africa

andis spreading rapidly in some other developing regi@NAIDS, 2007) The disease
interacts negatively with malnutritio®oor nutritionand food insecurityan accelerate the
spread of HI V, b o $ dxposuse toithe eiruseaadsby incpasipgetite pisk ef 6
infection following exposure. In turn, HIV infection can lead to nutritional deficiencies
through decreased food intake and malabsorption, which hasten the onset of AIDS. The
disease impairs the immurgystemand so can lead to additional infectignsuch as
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tuberculosis and malarithat worsen nutritional statuand may be fatal(Gillespie and
Kadiyalg 2005).

Figure 4: Nutrition throughout the life cycle
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Water, Sanitation and Nutrition

Efforts to achieve théIDG hunger target aim principally at increasing food and therefore
caloric intakes among the hungry. But the human energy balance depends on caloric use as
well as on caloric intake. Many impoverished people expend significant calories collecting
water over geat distances or waste them because their bodies are unable to absorb food
properly because of diarrhoeal disease. Populations suffering from hunger are often the same
as those that lack adequate water and sanitation. Globalhillion people are currdly

without access tesafewaterand over2 billion lack adequate sanitation facilitiefRoberto

Lenton, former director of theENDe v el op me nt (NDB)@ustinaivie Bnergy

and Environment Di vi si on h a sstraccgies msaring tbad , n We
policies that target caloric intake are accompanied by strategies to reduce caloric losses
through better water, sanitatiandh y g i e n e 0,2008.a h ma n

Hunger Crises

In 2008, the United Nations is appealing for food and othenanitarian asstance for

25 million people in 24 countries affected by conflict and its aftermath or serious political and
economic breakdown (OCHAZ2007). Refugees and internally displaced people are
particularly susceptible to malnutrition because they frequenthertte on food aid rations
that are often inadequate in both quantity and quality. An analysis of 41 mortality and

1 SeeHTTP://WWW.WSSINFQORGEN/WELCOME.HTML, website oftheVor | d Heal t h Or gani zati on
Fund Joint Monitoring Programme for Water Supply and Sanitation.
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malnutrition surveys carried out in refugee camps in 2005 found that half indicated an acute
malnutrition emergencyand among these emergencytusitions, 90 percent featured a
Acritical 6 prevalence of gl obal @ATY 2066). ma | n u-
According to the Office of theUN High Commissioner for Refugees, micronutrient
deficiencies are widespread in camps due to unbathmations. For example, lack of B
vitamins is a serious problem in camps in Nepal and Bangladesh (UNRQBS).
Nevertheless, aid donors routinely fail to provide all of the resources called 1dNin
humanitarian aid appeals (Figuse The UN Office for the Coordination of Humanitarian
Affairs reports that in 2007, donors provided just 72 percent of the amount requested for all
sectors in its consolidated appeal for complex emergencies (those due to conflict and related
causes) and flash appeals forumat disasters. Although the food aid response was somewhat
better at 88 percent, neither water and sanitation nor health appeals (both mefatiea)
garnered even 50 percent of the requested funds (QQB@8). In April 2008 the WFP
informed donordhat it would immediately need an additional $755 million just to maintain
current commitments, due to skyrocketing food prices (Sulli2@08).

Figure 5
UN Humanitarian Appeals and Donor Response (US$)
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Source: OCHA.

UnacceptablySlow Progress in Reducingunger and Malnutrition

The world is not making sufficient progress toward meeting the 1996 World Food Summit
goal of halving thenumberof undernourished peapl(i.e., thoseavith calorie deficient diets)

from 1990 levels by 201&ndprogress othe MDG target of cutting the proportion of people
living in hunger to half of the 1990 level by that same ysameven The UN Millennium
Project has adopted two indiors to measure progress toward the MDG target: the
prevalence otinderweight amongchildren under five years of agadthe undernourished
proportion of the total population.

Although the number of undernourished people slowly but steadily declinegdretl970

and 1990, since 1995, the number has actuatlyeased(Figure 6). As a result, the total
number of undernourished people in developing countries was only marginally changed from
1990 levels by 2003, the last year for which data are availaB r(8llion people vs. 823
million). In contrast, the proportion of undernourished people in the total population of
developing countries declined during the same period from 20 to 17 percentd6@6a).

2 SeeHTTP.//WWW.UNMILLENNIUMPROJECT.ORGGOALS/GTILHTM#GOALL. fiUndereamsi ght 06 m
children with lower weights than expected for their age. Unlike stunting and wasting, it does not distinguish
between the effects of chronic and acute malnutrition.



http://www.unmillenniumproject.org/goals/gti.htm#goal1
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As Figure? indicates, these disappointing aggtegi@ggures mask substantial progress against
hunger in some regionsand understate the alarming increases in the number of
undernourished people in others. Tens of millions of people in China achieved freedom from
hunger during 199Q003, while Southeaststa and South America also recorded substantial
gains. However, large increases in the undernourished populations of South Asia outside
India, Eastern Africandthe Near East, plus a doubling of the ranks of the hungry in Central
Africa (driven by war andgolitical chaos in the Democratic Republic of the Congo) offset
these gains (FA(2006a).

Figure 6
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The Food and Agriculture Organization thfe United Nations projects that the developing
world as a whole and most of its regions will fall short of the World Food Summit hunger
reduction goal in 201%ndthat more people will be undernourished than in 1990 in Sub
Saharan Africa and the Near Eadbwever, East and Southeast Asia will succeed in cutting
their undernourished populations beyond the target, due to policies emphasizing growth with
equity in many countries of the region. The developing world is projected to meet the MDG
target on cuthg the undernourished proportion of its population, reducing the level by a bit
more than half, with Latin America and the greater A%&ific regionon targetand Sub
Saharan Africa and the Near East falling short (Table 1).

Between 1990 and 2005, theepalence of underweight among children under the age of 5 in
developing countries fell from 30 percent to 23 percent. fdtatof reduction is inadequate to
achieve the MDG targedf halving the prevalence from 1990 levbis2015. Moreover, child
malnutition increased in SuBaharan Africa while it declined in the rest of the developing
world. Again, however, both the number of malnourished children (67 million) and the
prevalenceof child malnutrition (37 percent) in South and Central Asia exceedek\vhks

for all of Africa (34.5 million and 25 percenfSCN, 2004) This disparity is known as the
AAsi an eni gma, iadicatescobhummae wellbeingniecceds to safe water, school
enrolment, food availability per person, income per persongdegfrdemocratic governance),
people in South Asia are betteif than those in Africa. But the female-male life
expectancy ratid a measure of womends soci shigherinat us 1
Africa than in South Asia. Also, South Asia hless favourable climate and population
density (Smith and Hadda#000).

Causations and Linkages: Conceptual and Analytical Frameworks

An understanding of the causes and consequences of malnutrition is essential for formulating
appropriate policies tonprove nutritionas strategiesneed to be tailored tlmcal conditions.

For examplelow food production caused by insufficient agricultural productivity is a primary
reason for hunger in tropical Africa and remote parts of Asia and Latin Amerieaeas
poverty is more likely the primary reason for hunger in South and East Asia, LatincAme
Central Asiaandthe Middle EastThe rightsbased approach to food security provides the
framework for a more effective and complete analysis of the underlyusgsaf hunger and
malnutrition by, for example, requiring the assessment of existing policies, laws and
institutions and the identification of the most vulnerable to food insecurity and malnutrition.
The costs of inaction are considerable, so effortgt¢elarate progress against malnutrition in

all its forms should have a high place on the global policy agenda.

As Table 1 indicates, inadequate dietary intake is one of the main immediate causes of
malnutrition, along with disease. The two interact ini@ous downward spiral. Inadequate
food consumption heightens vulnerability to infectious diseases. In turn, infections,
particularly malaria, measles, persistent diarrhaedpneumonia, can keep the body from
absorbing adequate food (WH®@997). These imediate causes stem from a complex set of
underlying causes at the household level: insufficient access to foonke aspect of food
insecurityi poor maternal and child caring practi@slinadequate access to clean drinking
water, safe sanitaticendhealth services. Ultimately, these factors are embedded in the larger
political, economic, sociandcultural environment in which households find themselves.



23

Food insecurity, ill healtland sub-optimal caring practices are all closely related to poverty.
Theonebillion people who live in extreme poverityon the equivalent of less than US$1 per
dayi generally also consume fewer that® 0
poor people, whose incomes are less than half that level, on acersgene less than 1,600
calories a day (Ahmeet al, 2007). Moreover, in all regions of the developing world, lower
income households experience significantly higher rates of preschooler stunting than better
off families (Van de Poeét al, 2008). Povest assessments in Bangladesh, \likm and
Guatemala similarly indicate a higher incidence of illness in poor households than among
betteroff families (Ahmedet al, 2007). With regard to caring practices, even when exclusive
breastfeeding for the firstxsmonths of life is widely practiced, poor households often engage

in suboptimal complementary feeding practices once children reach six months of age. Poor
families cannot afford to purchase animal source foods that are rich in protein and
bioavailable ncronutrients (Blaclet al, 2008).

Table 1

A

calories per day. The

Projected undernourishment in the developing world

Mumber of undernourishad people Prevalence of undernouris hment

[millions]

1930-92+ 2015
Developing countries 823 5&82
Sub-Saharan Africa 170 172
Mear East and Morth Africa 24 34
Latin &America and the Caribbean &0 41
South Asia 2 203
East Acia** 277 123

Notbes

[percentage of population]

WFS target 1970-52% 2015 MDG target
412 20.3 1041 10.2
13 38.7 211 17.9
12 T4 7.0 38
30 13.4 &b &7
144 259 12.1 130
139 14.5 5.6 B3

The base peried for projections is 1999-2001 and net 2001-03. Some small countries have also been excluded

fram the projections.

* Data for 1990-92 may differ slightly from numbers reported elsewhere in the report as the projections are
based on undernourishrment estimates that do not include the latest revisions.

** Ingludes Southeast Asia.

hi gh percentage
poverty is heavily concentrated in S8hharan Africa. While South Asia made progress
against the deepest poverty idigrthe 1990s and the first years of the present decade, both
extreme poverty and ultra poverty increased in-Sabaran Afric§Ahmedet al, 2007).

of

Source: FAD

the worl dbés extremely

Discrimination, geographyand environmental factors also play a role in poverty, food
insecurity and malrutrition. In both South Asia and Latin America, indigenous people,
members of ethnic minority groupsnd socially excluded people, such as members of

i eclude 0O and ibackwar do

crapseseatsd amamg pbar geo@e, anda r e

especially among uth poor people. In Guatemala, the proportion of indigenous preschoolers
who are stunted is more than double the rate for-indigenous children. Gender
discrimination also influences malnutrition: in South Asia, there is evidence that women
consume lessobd and lower quality diets than men, mainly as a result of food distribution
within households (Ahmeet al, 2007).

Poverty rates tend to be higher in more remote areas with difficult access to roads, markets,
communications infrastructure, schoalsd health services (Ahmeet al, 2007). Such areas

W
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are offevofitred® in terms of their natur al
economic and political terms. Most of the rural poor people in developing countries (who
account for the vast majoy of all poor people) live in such resouspeor areas (Pender and
Hazell 2000).

Costs of Malnutrition

Taken together, stunting, severe wasting, low birthweights due to intrauterine growth
restriction, suboptimal breastfeeding (neexclusive for sixmonths and discontinued before

one to two yearsanddeficiencies of vitamin A, zinandiron lead to the deaths of 3.6 million
children under five years of ageach year (Blaclet al, 2008). Moreover, these forms of
malnutrition together account for 3fercent of all preschooler deaths and 11 percent of the
global burden of disease, i.e., the total gap between current global health status and an ideal
situation where everyone lives into old age in full health (Blatkal, 2008). Thus,
malnutrition is acalamity that deprives humanity of countless scientistsgative artists,
community and national leadeand productive workers who die prematurely or grow up
without reaching their full potential.

Malnutrition puts heavy charges on the economies ofeldping countries. Difficult
pregnancies and the illnesses that malnourished mothers and their children experience cost an
estimated $30 billion annually. Lost productivity and income due to early deaths, poor school
performance, disabilityand absenteeisniikely raise theyearly total into the hundreds of
billions of dollars (Victoraet al, 2008; Behrman, Aldermaand Hoddinott 2006; FAQ

2004). Lost income due to iron deficiency alone reduces gross domestic frgdagcinuch

as 8percent in Bangladesind a still significant 2 percent in Honduras (S@0804). Not only

is malnutrition a significant drain on economic growth, but it also reflects and contributes to
inequity, as it disproportionately affects poor, marginaliaedextremely vulnerable grosp

While the policies and programes needed to address malnutrition will require substantial
resources, it is essential to recognize that the costsobftackling malnutrition are
considerable.

Future Challenges and Major Issues and Risks

Chapters 4and 5 examine the effects of climate charaad rising bioenergy demand on
nutrition. However, some additional factomsll constrain efforts to reduce malnutrition in the
coming years:

e demographic forces;
widespread land degradation and scarcity of freakemresources, resulting from
both bad management practices, inappropriate land uses for a certain land class and
impacts from climate change and extreme climate variations;

e structural shifts in the food and agricultural system;

e transboundary movement diseases;

e environmental and energy forces

Demographic Forces

According toUN population data, between 2007 and 2050, world population will increase by
37 percent, from 6.7 billion to 9.2 billion people, with the net increase equivalent to the total

r
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global population in 1950. Africa will have the highest rate of population growth of any
region during this period, 1.7 percent per yé&X (Population Division 2007, 2008).

Population growth alone will mean increased demand for food, requiring a 50 peccease

in production. Anticipated economic growth of 6 percent per year in developing countries
during the next few years will lead to additional increases in demand, as will rapid
urbanization (von Brayr2007a).

Virtually all global population grovit between 2007 and 2050 will occur in the cities of the
developing world. Indeed, the net increase in urban population during that period will exceed
the net growth in overall population, as cities will also absorb migrants from rural areas. The
wo r | d@nspopulation will nearly double during this period, rising from 3.3. billion to
64bi |l I i on peopl e. By 2019, a majority of the
and towns UN Population Division2008). These trends have implications fawsdademand

and nutrition.People in cities and towns have fewer opportunities than rural people to produce
their own foodandso must rely on purchases and the cash economy tA sharp increase

in food prices will have a large impact on people who edfgost entirely on cash income,
especially the pootJrban women have higher opportunity costs on their time, so they cannot
spend as much time as their rural sisters do on purchasing and preparing food. As a result, city
folk tend to shift their consumpiin to foods that are easier to prepare (e.g., from sorghum,
millet, maizeandroot crops to rice and wheahdto more meat, milk, fruit, vegetablesnd
processed foods (Garrett and R&€l00).

Street foods are a significant contributor of urban dweled6 dai |l 'y ener gy and
and play a particularly prominent role in food access by the urban poor. Street foods provide
cheap sources of often nutritious food and are a good source of income for informal food
sector workers, most of whom are mwenandmore likely than men to invest that income in

the wellbeing of their children. In Nigeria, city dwellers spend as much as half their food
budgets on street foods. In Bamakdali, street foods provided 134117 kcal/person per day

(Ag Bendecret al, 2000). With rising costs for food and cooking fuel, the use of street foods
tends to increase as prices in this informal seater inclinedto rise slower due to the
economies of scale of production. Lack of infrastructure (i.e. water, sanitationpflaekic
training in food hygiene of vendoandweak or arbitrary enforcement of the legal framework

(if street foodsspecific regulations do exist at all) are all factors contributing to the variable
and sometimes poor safety tliese foods. However, éhcontribution of street foods to food
security (ensuring cheap, nutritious and easily available food to urban dwellers), as well as to
poverty reduction, is such that high priority should be given by local authorities (for example
municipalities) to redce the threats to food safety. In particular, emphasis should be given to
training of street foodsvendors in food hygiene, insisting on an adequate and consistent
enforcement of local food regulations and improving basic infrastructure to the vendors
allowing them to respect the most basic principles for hygienic food preparation.

Structural Changes in the Food and Agricultural System

Productivity growth in cereals, the main stafded cros, declined dramatically in the 1990s
andcontinues to dedalie for maize (which is important as a source of feed and fuel as well as
food) (Figure8). A major reason for this is underinvestment in agricalt@rowth of public
agricultural research expenditures slowed in the 138@kin 2000, developing countries
excluding China and India accounted for only a small share of that spending. Funding for the
international agricultural research centres supported by the Consultative Group on
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International Agricultural ResearcfCGIAR) has stagnated (Pardet al, 2006). Public
research is essential for addressing the problems of poor farmers and consumers in developing
countries, as private firms are unlikely to do so.

Increasingly, the preferences of affluent consumers in-taigd middleincome countries are
shapingglobal food and agricultural systems. Production and value chains no longer respond
simply to price signalsSuch concerns as quality, food safety, conveniearmchoice have
become decisive. For example, develepedntry consumers seek prnashed, preut and
bagged salads that are ready to eat, rather than just the raw materials for making a salad. The
mad cow foot-andmouthandhighly pathogenic avian influenzxares in Europe and North
America over the past 10 years have also heightened attentfondasafety and quality,
healthandenvironmental issues. Consumers demand to know where food came from and how
it was produced. Animal welfare is also increasingly an issue in food rnmayk&here are
standards orgarazions that award products labaislicating their status as organic, fair trade,
environmerdfriendly and cruelty-free. This new situation offers smallholders opportunities
and niche markets among higitome buyers. But being able to produce up to the standards
to get the appropriate lab@and undergoing periodic audits may require investment in
knowledge and equipmerandalso has high transaction costs that may be too heavy fer low
income farmers (Haze#t al, 2007). This will constrain their ability to earn incormed has
implicationsfor food security.

The global food systemow has a dualistic structure. On the one hand, the vast majority of
farms (85 percent) remain smallholder operations, of less than two hectares in size, that are
home to more than 2 billion people (Hazetlal, 2007). In many countries, small farmers

account for a considerable share of output. In India, they grow more than 40 percent of the
cereal grains, own the majority of the livest@idaccount for most dairy production. In Sub

Saharan Africa, smallholderaccount for 90 percent of all agricultural production (IFPRI
2005). On the other hand, the 0.5 percent of
claim a disproportionate share of global farm income, enjoy privileged access to policy
makersand, particularly in developed countries,
dollars in subsidies each year (OE@DQ7).

Moreover, outside of farming, growing concentration and consolidation characterizes the
global food system. At the top dhe food chain, the 10 leading food retailergoy a

24 percentshareof the $3.5 billionglobal marketand grocery stores have expanded their
operations in developing countries at a rgpédte ETC Group 2005, 2007). Between 2004

and 2006, the sales agriculturalinput firms grew 8 percent, the revenuedaafd processors

and traders jumped 13 perceantd retail food sales grew by a whopping 40 percent (von
Braun 2007a). At the end of February 2008, the giant agricultural input and grain trading firm
Cargill announced a nearly 100 percent increase in revenues over a year earlier due to rising
cereal pricesWashington Pos$taff and Wire Report2008).

Thus, buying power is increasingly concentrated in the hands of supermarkets and other
powerful ®@rporate actors, especially in Latin America, Southeast As@China. Small
farmers often find themselves at a disadvantage. The buyers increasingly have stringent
demands regarding quality, timelinessd conditions of productiorand it is not clear tha

small farmers will be able to comply with all these requirements (Hatall, 2007). Even if

they can, their ability to bargain for a fair share of the value of their produce may be limited.
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Figure 8

Productivity growth is declining
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Transbaindary Pests and Diseases

Agricultural intensification, rapid growth in international tradend more frequent
international travel offer opportunities to bolster rural livelihoods through productivity gains,
entry into export markets, earnings from ecotour&grdthe ability to purchase a wider array

of affordable goods and services. However, there are also substantial risks from the spread of
plant andplant pestsanimal diseaseand invasive species across international borderd
climate change will heightethese risks This threatens ecosystems, weaded biodiversity

(World Bank 20083). For example, the winbdorne Ug99 wheat rust fungus has spread from
Uganda to Kenya, Ethiopia, Yemand Iran andthreatens crops in South and Central Asia

It has devastatk entire fieldsand in 2007 caused substantial losses in both Kenya and
Ethiopia. Up to 80 percent of African and Asian wheat varieties are susceptible to wheat stem
rust, so the disease has the potential to help drive further escalation of wheat |atica inf

and severely harm rural livelihoods, with negative implications for nutrition (FZ08&).

Also, some tranboundaryanimal diseases pose serious and costly threats not only to rural
livelihoods, but to human health as well, e.g., highly pathogawi@n influenza (bird flu)
(World Bank 2008&).

Environmental and Energyressues

Many key ecosystem services provided by biodiversity, such as nutrient ayckods pest
regulationand pollination, sustain intensive agricultural productivity. fdging the healthy
functioning of ecosystems ensures the resilience of agriculture as it intensifies to meet the
stress of growing demands for food production.

For the past 40 years or more, efforts to intensify agricultural production have helped boost
food output, but some agricultural practices have taken a toll on the natural resource base on
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which agriculture depends. Some 1.4 billion people live in river basins where water use
exceeds recharge rates (UN2R06). Poor management of irrigation syssémas contributed

to land degradation, causing salination and waterlogging of soils. Overgrazing and
deforestation also contribute ttand degradationand climate changgUNDP-Global
Environmental Facility2004; Scherrl999). In SubSaharan Africa, wheriarmers apply an
average of 9 kilograms of fertilizer per hectare (compared to 142 kilograms in-&ssith
Asia), insufficient fertilizer use (rather than overuse) leads to degradatitime asltivation

and harvesting of products letmla net loss ofal nutrients. Agricultural practices (such as
failure to maintain soil cover or obstruct water +aff) can contribute to soil erosion.
Degraded soils reduce agricultural productivity and eventually become unable to produce
crops (Scherrl999). Largescde livestock operations and inappropriate management of farm
chemicals have contributed to degradation of freshwater ecosystems, causing pollution that
can threaten the health of humans and livestock (Millennium Ecosystem AssesXiént
Cropgeneticdier sity i s essential for food securi
livelihoods and agricultural innovation. However, repeated planting of a limited number or
even a single variety can erode genetic diversity (Bioversity InternatROG8).

Without the wider utilization of effective and efficient existing technologies andhe
absence of a technological breakthrough that will boost yields on existing farmland, increases
in food production to meet growing demand will have to come from the erpaon$
agriculture into new areas. iBtwould likely put morefragile marginal land undeultivation,

as well as destgoforests and wildlife habitat, cagidoss of biodiversity and increaseHG
emissiongrom burning, decomposition of organic matéerdloss of carbon sinkdVe need

to examine the efficiency of the constraints that are facing existing farmland productivity,
otherwise we may only aggravate the environmental presd@me.additional serious
constraint, especially in fagrowing Asia, is theapid conversion of farmland to such other
uses as residential, commeraaldindustrial (Reuters2008; Ding 2004). Furthermore, food

and agricultural production faces growing competition for water for home and industrial use,
although agriculture coimues to account for over 80 percent of water use (F2MD&;
UNDP, 2006). All of these factors constrain food availability.

According to theUN Office for the Coordination of Humanitarian Affairs (OCHA), the
number of natural disasters has increased,tdunore frequent extreme weather events, such

as hurricanes, cyclones, drouglasd floods. In 2007, OCHA appealed for nearly $400
million in food and other emergency aid for people affected by 14 such calamities in
developing countries (OCHA007). Whie these disasters stem from natural events, human
activity i frequently related to agriculture, fisheries, or forestoften magnifies their impact.
Logging, forest clearing for agricultural developmemd destructionof mangroves for
aquaculture develp ment di smantl e natur al barriers to
d i s a sThesdewastabing effects of the recent cyclone in Myaranara prime example:
clearcutting of mangroves heightened the vulnerability of coastal |aheferestation orthe

hillsides of Honduras meant largeale mudslides when Hurricane Mitch hit in 1998. Total
losses exceeded the combined national incomes of Honduras and Nicaragua, the two most
severely affected countries. Natural disasters in the 1990s caused fosges $600 billion,

more than those of the previous four decades (Abram@atr).

With regard to energy, by April 2008, crude petroleum prices reached-amealhigh of
US$120 per barrel (Laz&®008) and helped to raise demand for biofuels as apradtive

source of energy. Energy costs are likely to remain high for the foreseeable future, due to war
and political instability in the Middle East, the suppbnstraining policies of the
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Organisation of Petroleum Exporting Countriagd the growing cosolidation of the
petroleum industry into transnational megafirms that are using windfall profits to repurchase
shares and pay dividends instead of aggressively exploring for new reserves (Science Daily
2007). These costs have a direct bearing on foodugtmn and rural livelihoods, as they
mean increased costs for operating farm machinepyts and transportation of both inputs

and farm products (von BrapyR008). In addition, the price of fertilizer, a-pyoduct of fossil

fuels, increased 150 perdavver the past five yearklowever, according to the World Bank,
higher energy and fertilizer costs account for only about 15 percent of recent increases in food
prices (World Bank2008b).
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4. Climate Change, Food Securityand Nutrition

Overview of Climate Change- Evidence for andPotential Effects

According to theFourth Assessment Report of thatergovernmental Panel on Climate
Changeg(IPCCO),3 climate change and variability will have significant impacts on food security
and malnutrition.

Climate change will lead to more intense and longer droughts thae been observed over
wider areas since thE970s, particularly in the tropics and subtropics (Trenbetthl, 2007).

In addition,the frequency oheavy precipitatiorevents has increased oveost land areast

is very likely that heat waves and heavy precipitation ewsiitscontinue to become more
frequentand that futureropical cyclonegtyphoons and hurricanes) will become more intense
(Meehl et al, 2007; Trenbertret al, 2007). It is primarily via these impacts that climate
change will have negative effects on food security and nutrition.

Droughts and water scarcity diminish dietary diversity and reduce overall food consumption
and this may lead to malnutrition problems including demutrition, proteirenergy
malnutritionandor micronutrient deficiencie3.he risk of flooding of human settlements may
increase, from botkealevel rise and increased heavy precipitation in coastal afgas is

likely to resultin an increase in theumber of people exposed tharrhoeal and other
infectiousdiseases, thus lowering their capacity to utilise food effectively

Global atmospheric concentratiortd greenhouse gase&KGs), carbon dioxide(COy),
methanendnitrousoxide have increasadarkedlysince 175@s a result of human activities.
By 2005, the global atmospheric concentratiorCa%, far exceeded the natural range of the
preceding 650,000 years(Forster et al, 2007). Total temperature increases during the
20" century hae been 076°C (Trenberttet al, 2007). Averagarctic temperatures increased
at almost twice the global averaggeduringthe past 100 years.

ContinuedGHG emissions at or above current rates would cause further waemthgnduce
many changes in the globaimhte system during the 21st century that would very likely be
larger than those observed during the 20th century (Meteddl, 2007). The best estimate for
thelow scenario, among th&pecial Reporbn Emissions Scenarios (SRESjojectedby the

4™ IPCC assessment, is an increasd 8fC andthe best estimate for the hi§iRESscenario

is 4.0°C (Meehlet al, 2007)

Mountain glaciers and snow cover have declined on average in both hemigqjhleenks
2007).During the course of the centuryater suppes stored in glaciers and snow cover are
projected to decline, reducing water availability in regions supplied by meltwater from major
mountain rangesthese regions are home to more tlaesixth of the world population
(Kundzewicz 2007).

Widespred decreases in glaciers and ice caps have contributedatevel rise (Lemke
2007). According to the™IPCCr e p cestimatisns for unmitigated emissiotise sealevel

3|PCC is a scientific intergovernmental body set up by the UN World Meteorologigaht2ation and the UN
Environment Programme to provide decisioakers and others with objective information about climate
change. The scientific community generally regards its reports as authoi(&iwgle 2007).

4 See Appendix 1 for details on thesmenarios.
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will rise by40 entimetresby the 2080swith 60 percentof this increase occring in South
Asia and 2(percentin South East Asia (Meekt al, 2007).

Climate Change Impacts on the Human and the Global Environment

Global environmental hazards to human health, environmaedt sustainability include
climate change, stratosphemzone depletion, loss of biodiversity, changes in hydrological
systems and the supplies of freshwater, land degradatdrstresses on foegroducing
systems(WHO, 2006a). These factors are closely interrelated. For example deforestation,
agricultureand livestock production systems further accelerate climate chavigkerability

to adverse effects from climate change differs by region, ecosystem, populationagcbup
gender.

Vulnerable Regions

The regionslikely to be adversely affectedy climate tangeare tlose already most
vulnerable to food insecuritgnd malnutrition notablySub-SaharanAfrica, which may lose
substantial agricultural land. The numbers of people affected will be largest in thelefiega

of Asia and Africa while small islandsare especially vulnerable (Nicholét al, 2007). It

should be noted that IPCC assessments do not provide much information on a regional or
national basis.

In seasonally dry and tropical regions, crop productivity is projected to deawithseven

smal local temperature increases-ZiC), which would increasthe risk of hungerdue to
reduced food availabilityEasterlinget al, 2007). InAfrica, by 2020, betweer5 million and

250 million people are projected to be exposed to incdeasger stresgdue to climate
change. If coupled with increased demand, this will adversely affect livelihoods and
exacerbate wataelated problems (Boket al, 2007; Kundzewiczet al, 2007).In much of
Africa, agricultural productiorandaccess to foodre projectedto be severely compromised

by climate variability and change. This would further adversdfgct food security and
exacerbate malnutritioon the continent.

Coastal areas, especialigavily-populated megdelta regions in South, East and Seedlst
Asia, will be at greatest risk due to increased floodnogn the sea and, in some metgitas,
flooding from therivers (Cruzet al, 2007).Sealevel rise will extend areas of salination of
groundwater and estuaries, resulting in a decreaseoastal freshwater availability for
humans and ecosystems (Kundzewatzal, 2007). Small islands whether located in the
tropics or higher latitudes, are especially vulnerable to the effects of climate chaalgeel
rise and extreme events (Mimued al. 2007). Deterioration in coastal conditions, for
example through erosion of beaches and coral bleaching, is expeaféttdocal resources
e.g., fisheriemndreduce the value of these destinations for tou(muraet al, 2007).

In the Polar Regions, thmain projected biophysical effects amuctions in thickness and
extent of glaciers and ice sheatglchanges in natural ecosystewith detrimental effects on
many organisms including migratory birds, mammeais higher predatorsAnisimov et al,
2007).
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Vulnerable Ecosystems

Theresilience of many ecosystems is likely to be exceddisdcentury by an unprecedented
combination of climate change, associated disturbances (e.g., flooding, drought, wildfire,
insects, ocean acidificatioandother globachange drivers (e.g., land use change, pollution,
overexploitation of resourcedyiéchlinet al, 2007).Examples of delicate ecosystems that are
already being affected include the tundra, boreal forests, mositaiithe Mediterranean
region. Approximately 20-30 percentof plant and animal speciessessed so far are likely to

be at increased risk of extinction if increases in global average temperature exe2&iClL.5
(Fischlinet al, 2006).

Vulnerable Populations

The most vulnerable people willer earliest and most from climate change. Climate change
therefore should be addressed in a way that is fair and just, cognizant of the needs and risks
faced by the wvulnerable groupend adherent to the human rights principles of non
discrimination andequality. Any sustainable solution to climate change must take into
account its human impact and the needs of all communities in a holistic manner.

Humans are exposed to climate change directly through changing weather patterns and
indirectly through chages in water, air, food quality and quantity, ecosystems, agriculture
andecononmes Climate change during 192D00 is estimated to have caused at least 160,000
deaths and 5 milliowlisability-adjustedlife years from only four factors: malaria, diarrlge
malnutritionandflooding (McMichael 2004. Projected climatehange related exposures are
likely to affect the health status of millions of people, particularly those with low adaptive
capacity, through:

e increased deaths, diseaald injury due to hatwaves, floods, storms, fireand
droughts;

e increases in malnutrition and consequent disorders, with implications for child growth
and development;

e increased frequency of cardiespiratory diseases due to higher concentrations of
groundlevel ozone reled to climate change;

e dltered spatial distribution of some infectiedisease vectorand
increased burden of diarrhoeal diseasdsch will affect nutrient absorption and food
utilization.

Due to the very large number of people that may be affestabhutrition, linked to extreme
climatic events may be one of the most important consequences of climate change
Confalonieriet al, 2007).

Populations at greater risk from food insecyriycluding smallholder and subsistence
farmers, pastoralists;aditional societies, indigenous people, coastal populatiodartisanal
fisherfolk, will suffer complex, localized impacts of climate change. These groups, whose
adaptive capacity is constrained, will experience the negative effects on yieldslafilode

crops, combined with a high vulnerability to extreme events. Indigenous people who rely on
their natural resources for the provision of traditional foods will be particularly affected.
Box 4.1 presents an example of the impacts of climate chandgeeiedosystems and the
traditional food systems of indigenous peoples of the circumpolar regions.
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In the longer term, there will be additional negative impacts of other cliraktied processes

such as snowack decreasesealevel rise and spread in preadence of human diseases

affecting agricultural labour supply such as malaria,-tickne diseases, choleaamd other
diarrhoeal diseases.

Gender Vulnerability

Men and women are affected differently in all phases of clivedéged extreme vather

evens, from exposure to risk and risk perception; to preparedness behaviour, warning

communication and response; physical, psychological, socahd economic impacts;
emergency response; and ultimately to recovery and reconstruettrefgill, 1998. Many
oft he worl dés poorest people are women |
currently dependent on subsistence agriculture to feed their fanalelswho are

i Vi nc

disproportionately affected by the lack of modern fuels and power sources fangarm

household maintenancand productive enterprisesLémbrou and Piana2006). Climate
change could add to watand foodinsecurity and increase the e w0 werk lévels
particularly inAfrica and Asia Parikh and Dentgr2002.

Box 4.1: Impacts on taditional food systems of indigenous peopléa polar regions

Indigenous peoples rely on their natural resources for the provision of traditional fiselds,

and medicinesand will be particularly affected by the impacts of climate charuye

ecosystemsral the environmentTraditional food systems are also threatened because of

increasing |l oss of indigenous peopl esbd
measures such as carbon sinks and renewable energy projects.

tradi

Indigenous peoples amften the most marginalized and disadvantaged groups in terms of
receiving the resources neededvallbeing including food and health care. Extreme poverty

and food insecurity often characterizes these grompe rely on the intact environment for

harwesting their traditional foods and medicindsulinlein 2003. The traditional food
systems of indigenous peoples contain a wealth of micronutrients.

The approximately 1percentof the circumpolar population that is indigenous is particularly

vulnerable & climate changeACIA, 2005. The traditional diet of populatiors circumpolar

regions is likely to be negatively affected by changes in animal migrations and distripution

and human access to them (Confaloni@007). Persistent contaminants are preéseninuit

Arctic traditional food species in areas very distant from industrial emissions, with dietary

exposure of some contaminants exceeding federal toleranceite@dsadgKuhnleinet al,

2002. Further, increasing temperatures may indirectlylugrice human exposure o

environmental contaminants in some foods (@s@.andmarine mammal fats).

Impacts on the Four Food Security Dimensions: Availability, Stability, Accessand
Utilization

Climate change will affect all four dimensions of foedcurity,namely food availability
(i.e.,production and trade), stability of food supplies, access to &mtifood utilization
(FAO, 20033. Food security depends not only on climate and secomomic impacts, but
alsoandcrucially so, on changes teoade flows, stockandfood-aid policy.
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Climate Changémpacts on Bod Availability i Production and Tade
Pasture,Crops, LivestockProduction

Agricultural output in developing countries is expected to decling&da30 percent by 280,
depending on wéther there are beneficial effects froB0, fertilization. Technological
change over the next detmis unlikely to be sufficient, which underlines the need for the
wider utilization of effective and efficient existing technologiesalleviate the lossesr to
increase yields enough to keep pace with growing food de(@dime, 2007)

Climate change and variability impacts on food production (food availability) will be mixed
and vary regionallyKAO, 2003b, 2005 Recurrent severe droughtsseveral contries in
Africa over the past three decades illustrate the potentially large effects of local and/or
regional climate variability on crops and livestock. A reduction in the production potential of
tropical developing countries, many of which have pood land water resourcemd are
already faced with serious food insecurity, may add to the burden of these cottitzies(
Smith, 2004; Fischeet al, 2005; Parret al, 2005.

Globally, the potential for food production is projected to increase wifeases in local
average temperature over a range-8fC, but above this it is projected to decrease.

Evidence from models from thd'4PCC assessment suggests that moderate local increases in
temperature ((B°C), along with associated G@creaseand rainfall changes, can have small
beneficial impacts on major rafed crops (maize, wheat, rice) and pastures in toidigh
latitude regions. In seasonally dry and tropical regions, even slight warmRfC{Ireduces
yield. Further warming (above m@ange of 13°C) has increasingly negative impacts on global
food production in all regions.

Fisheries andAquacultureProduction

Increass in temperatureare leading to changes ithe distribution of marine fisheries and
community interactionsRarry et al., 2005. Brackish water species from delicate estuarine
ecosystems are particularly sensitive to temperature and salinity chalges. emperature
increass lead to mortalities of crustacean and shrimp postar{firado et al, 199).
Regional changs in the distribution and productivity of particular fish species are expected
due to continued warmingndlocal extinctions will occur at the edges of ranges, particularly
in freshwater and diadromous specsesh assalmonor sturgeon(Easterlinget al, 2007).
Increass in atmospheric C@®are raising ocean acidity The Royal Society2005, which
affects calcification processes, coral rébleachingandthe balance of the food web

In relation to aquaculture production, increases in seawater teomgehave been associated
with increased densities ofibrio spp in shellfish and algal blooms in the aquaculture
industry, which are major causes of diarrhoea and food toxicity, respectively

Global warming will confound the impact of natural variation fishing activity and
complicate management. The sustainability of the fishing industries of many countries will
depend on increasing flexibility in bilateral and multilateral fishing agreements, coupled with
international stock assessments and managegnteams Easterlinget al, 2007)
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Trade of Crops, ivestock androrestry

Trade in ereal crops, livestock and foresgyoductsis projected to increase in response to
climate change, with increased dependence on food imports for most developitriesoun
Exports of temperate zone food products to tropical countries will rise, while the reverse may
take place in forestry in the shaerm Easterlinget al, 2007).

Climate Changémpacts orFFood Availability, Sability, and Access

Changes in thegiterns of extremeveatherevents will affect the stability of, as well as access

to, food supplies. Recent modelling studies suggest that increasing frequency of crop loss due
to theseextreme events may overcome positive effects of moderate temperattgass
(Easterlinget al, 2007) For forests, elevated risks of fires, insect outbreaks, wind damage
andother forestisturbance events are project&tlis change in frequency of extreme events

is likely to disproportionately impaamallholderfarmersand artisaal fishers Easterlinget

al., 2007).Food insecurity and loss of livelihood would be further exacerbated by the loss of
cultivated land and nursery areas for fisheries through inundation and coastal erosion in low
lying areas FAO, 20039.

Climaterelatedanimal and plant pests and diseases and alien invasive aquatic sp#icies
reduce theavailability of quantities of foodinfluence the stability of the production system
and reduce food accegbtroughreduction of incora from animal produain, reduction of
yields of food and cash crodeweredforest productivityandchanges in aquatic populations
as well as increased costs of con{feAO, 2008).

Food prices may have an impact on food access of housghylidwiting the acquisition b
appropriate foods for a nutritious diet and the purchasing power of food aid proggam
Climate variability and change will likely contribute substantially to rising food prices (Cline
2007; von Braun2007a). Temperature increases of more tBY¥D may cause prices to
increase by up to 40 percent (Easteribgl, 2007).

ClimateChange impacts orHealth andFood Utilization

Climate change may affect health outcomes and food utilization with additional malnutrition
consequences. For example, popata in waterscarce regions are likely to face decreased
water availability, particularly in the sttbopics, with implications for the consumption of

safe food and drinking wateflooding and increased precipitation are likely to contribute to
increasedncidence of infectious andiarrhoealdiseasesThe risk of emerging zoonosis may
increase due to changes in the survival of pathogens in the environment, changes in migration
pathways, carrierandvectorsandchanges in the natural ecosysterbe ingeased livestock
population in new areas with concomitant disease threats need to be addressed.

Vecta-borneDiseases

Climate change plays an important role in the spatial and temporal distribution of- vector
borne diseases such as malaria. Climate chamijje have mixed effects on malaria
distribution. In the long termin some areas the geographical range will contract due to the
lack of the necessary humidity and water for mosquito breédifspwhere, the geographical

5The northern limit oPlasmodium falciparurmalaria in Africa is the Sahel, where rainfall is an important
limiting factor in disease transmission
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range of malaria will expand artkde transmission season may be changed. It is estimated that
in Africa climate change will increase the number of persoamths of exposure to malaria by
16-28 percentby 2100 McMichael 2004). Malaria affects food availability, accessd
utilization of humans as well as of livestack

Diarrhoeal Diseases

Most of the projectedlimaterelateddisease burdewill result fromincreases in diarrhoeal
diseass and malnutrition Diarrhoeal diseases particularly affect nutrient absorption and food
utilization. Associations between monthly temperature and diarrhoeal episodes and between
extreme rainfall events and monthly reports of outbreaks of satere disease have been
reported worldwide. Higher temperats have beenassociated with increased episodes of
diarrhoeal disease in adults and children in Peru, where diarrhoeal reports incrpasmh8

for each degree of temperature increaS@eCkley et al, 2000. Diarrhoeal fooeborne
diseases such &almonellosishave been found to increase by dercentfor each degree
increase in weekly or monthly temperature above 6°C ambient tempendtvatyet al,
2009). Increased ocean temperatrare leading to increased densities ¥ibrio spp
(diarrhoeal agent) in shellfigZimmermaret al, 2007).

Climate change is projected to increase the burden of diarrhoeal diseases-imcdone
regions by approximately-2 percentin 2020 andwill impact lowincome populations
already experiencing a large burden of dise@sampbeliLendrumet al, 2003; McMichael
2004). Countries with an annual GOger capitaof US$6,000 or more are assumed to have no
additional risk of diarrhoea.

Food Contamination

Climate changeand variabilityinfluences food contamination with neimfectious hazards
such as biotoxins (e.g.mycotoxins or marine toxinsand chemicals, which may hawam
impacton food and animal feedtability, accessndor utilization.

Chemical food contamination may letm recommendations to limg¢onsumption of locy
producedfood in order to protect lman health, thus reducing the dietary options of rural
communities and indigenous peoples and compromising their traditional diets. For example,
high contaminatiorwith dioxins associated witeevere droughts in Central Adiave led to
recommendations thgoor rural communities limit the consumption of locally produced
foods (Mounteanet al, 2003).Higher ocean temperatures are leading to increased levels of
methyl mercury in fish and marine mammals, prompting recommendations to limit the intake
of fish and marine fats by pregnant women and indigenous people in the polar regions
(Kuhnleinet al, 2002 Boothand Zeller 2005).

Global Climate Change Impacts on Food and Water Security Hunger and Nutrition

The impacts of global climate change on food wader security and safety aod nutrition
are a great concerparticularly for developing countrie¥hese changes, in sum, will have a
profound impact on the fulfilment diuman righs, in particular on the right waterwhich is
closely linked to theight to food.By 2080, it is estimated that 1.1 to 3.2 billion people will be
experiencing water scarcity (depending on 8ecial Report on Emissions Scenarios of
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sociaeconomic development200 to 600 million, hungeland 2 to 7 million more per year
coastal floodingYoheet al, 2007).

There are many pathwayroughwhich global climate change and variability may impact
food and water securigndsafety and nutritionincluding:

increased frequency of extreme climatic events
sealevel rise ad flooding of coastdands leading to saligtion andor contamination
of water and agricultai lands

e impacts of temperature increase and water scarcity on plant or animal physiology

e beneficial effects to crop production through£Of er t 0l i zat i on

e influence on plant diseases and pest species and livestock diseases including zoonosis,
leading to crop and animal losses

e damageo forestry, livestock, fisheriemndaquaculturpand

e impaired sustainability: socieconomic, political/armed conflicand demographic
impacts.

Multiple sociceconomic and environmental stresses, such as globalization, limited
availability of water resources, loss of biodiversitye HIV/AIDS pandemicand social and
armed conflicts, are further increasing sensitivity tmalie change and reducing resilience in
the agricultural sectorFAO, 20033. For example, éalth stressors suchs HIV/AIDS,
particularly in Southern Africaare impactingagriculture through mass deaths of priage
adults, which divert labour resource® tcaring, erode household assets, disrupt
intergenerational transmission of agricultural knowledmsd weaken the capacity of
agricultural service providersieducing resilience of smalblder agriculture to climate
change

Waterlnsecurity

Access to afe water remains an extremely important global health i$8aee than 2 billion
people live in the dry regions of the world and suffer disproportionately from malnutrition,
infant mortalityanddiseases related to contaminated or insufficient watét@®, 2005).

The impacts of climate change on freshwater systems and their management are mainly due to
observed and projected increases in temperasgalevel and precipitation variability

Climate change is likely to exacerbate declining reliabilityrogation water supplies leading

to increasedcompetition forwater for industrial, household, agricultueaid ecosystem uses

In coastal areas, séavel rise will extend areas of sadtion of groundwater, resulting in a
decrease in freshwater availiayi (Kundzewiczet al, 2007).

Water insecurity constitutes a serious constraint to sustainable develppamrticularly in
savannah regions which cover approximatelypdfrentof the worldd Bnd areaRockstrom
2003. Water scarcity may lead to miple adverse health outcomes, including wdteme
diseases, exposure to chemicals, vebtone diseases associated with waterage systems
andmalnutrition.
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Links to Malnutrition

Attribution of current and future climatghangerelated malnutribn burdens is problematic
because the determinants of malnutrition are complex. Both acute and chronic nutritional
problems are associated with climate variability and change.

Research and information on the links between clirohtangerelated food andwater
insecurity and malnutrition are necessary. There is also a need for methodologies to convert
estimated losses in regional yields into estimates of changes in numbers of madourish
people. This has been recognized as one of the critical researds meehe % IPCC
assessment report.

Drought and water scarcity can lead to negative effects on nuttii@mugh increased
infections, mortalityandreduced food availability (in terms of both quantity and quality).
Guijarat, India, duringhe 2000drought diets were found to be deficient in energy and several
vitamins. In this population, serious effects of drought on anthropometric indices may have
been prevented by publlealth measuresH@ri Kumar et al, 2005. The HIV/AIDS
epidemic may have fthver amplified the effect of drought on nutrition in countries such as
thosein Southern Africa Masonet al, 2005. On the other hand, malnutrition increases the
risk both of acquiring and of dying from an infectious disease. For example in Bangladesh
bath the impacts of drought and lack of fomaassociated with an increased risk of mortality
from a diarrhoeal illnessAgiz et al, 1990.

Children in poor rural and urban slum areas are at high risk of diarrhoeal disease mortality and
morbidity. Chilchood mortality due to diarrhoea in lemcome countries, especially in sub
Saharan Africa, remains higind child malnutrition is projected to persist in regions of {ow
income countriesChildren may survive the acute illness but may later die due tosysarsi
diarrhoea or malnutrition.

People aRisk of Hunger

Overall, climate change is projected to increase the number of people at risk of FA@er (
2005a) For example, climate change is projected to increase the percentage of the Malian
population at risk of hunger from 3gercentto between 64 and 7Rercentby the 2050s,
although this could be substantially reduced by the effective implementation of a range of
adaptive strategie8(tt et al, 2009.

The increase in the number of people d athunger due to climate change must be viewed
within the overall large reductions due to seeemnomic development. Compared to 820
million undernourished today, the IPCC Special Report on Emissions Scenarios (SRES)
scenarios of socteconomic developentwithoutclimate change project a reduction to 100

230 million (range is over Al, B1, B2 SRES scenayiasmdernourished by 2080 (or 770
million under the A2 SRES scenari®gsterlinget al, 2007).

IPCC SRES scenariagith climate change project 1880 million (range includes with and
without CO, effects and Al, B1, B2 SRES scenarios) undernourished by 2086l (3U0
million under A2). Climate and sociconomic changes combine to alter the regional

6 See Appendix 1 for an explanation of these IPCC scenarios.



39

distribution of hunger, with large negative effecn Sub-Saharan AfricaKasterlinget al,
2007).

Climate Change andSustainable Development

Sustainable development can reduce vulnerability to climate change by enhancing adaptive
capacity and increasing resilience. On the other hand, climate changdow the pace of
progress towards sustainable development, either directly through increased exposure to
adverse impact or indirectly through erosion of the capacity to adapt (Yohe, @0G¥).
Degradation of ecosystem services poses a barriashievang sustainable development and

to meeting the MDGs (Millemum Ecosystem AssessmeBR005).

In order to meet the MD$; it would be necessary to balance competition for land for
agriculture, livestock, forestrand biofuels production. The expansio of livestock and
biofuel sectors rea major role in deforestation and land degradagiadtherebycontribues

to climate change.

Li v e s tomg&ladbow L

The Livestock, Environment and Development (LEAD) Initiative has identified the livestock
sectoras a major player in climate change, responsible for 18 perceBH®& emissions
measured inCO, equivalent. The livestock sector is a key player in increasing water use,
accounting for over 8 percent of global human water use, mostly for the irrigation of
feedcrops. It is probably the largest sectoral source of water pollution, contributing to
eutrophication human health problems, emergence of antibiotic resistandenany other
problems This sector may be the leading player in the reduction of biiliyesince it is the
major driver of deforestation, as well as one of the leading drivers of land degradation,
pollution, climatechange, sedimentation of coastal ar@adfacilitation of invasions by alien
speciesl(EAD, 2006.

There are measures than help reduce the overall impact of livestock production. Among
them sustainablentensification can reduce effacon deforestationpasture degradation,
wildlife biodiversity and resource use. Intensification should be addressed through
technologiesand policies that can enhance theerall sustainability oflivestock production
(Delgado et al, 1999). Emissions can be reduced through improved d®@tseduce
fermentatonn N r umi nant s 6 andimgreedtmanure and Hicgasmagsment.
Water pollution and land degradation can be tackled through better irrigation systems, better
management of wastadimproved diets that increase nutrient absorption.

The LEAD Initiative emphasizes the need to approach these problems using economic tools
sudh as removing damaging subsidesd establishing correct pricing of water, graziagd

waste as well as payment for environmental services. LEAD proposes using the Kyoto
Pr ot oGteaniDévslopmentMechanism to finance the spread of biogas and silvoyzdst
(mixed herding and tree cultivatiom)itiatives involving afforestation and reforestatidn.

order to properhaddress all these issugthere is a need to develop suitable institutional and
policy frameworks athelocal, nationahndinternationalevels (LEAD, 2005).
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Sociallmpacts ofClimate Change
Implications for Riral andUrban Populations

Climate change could advehgémpactrural populationgfood securitythrough reduced crop
yields, geographical shifts in optimum cra@powing conditims, reduced water resources for
agriculture and human consumption, loss of cropping #mtyieldshrough floods, droughts
and sealevel rise and increased rate®f adversehealth outcomesincluding diarrhoeal
diseases and malnutrition (Confalonietral., 2007).

Smallholder and subsistence farming households in the dryland tropics are particularly
vulnerable to increasing frequency and severity of draughtese may lead ta higher
likelihood of crop failure; increased diseases and mortality obtinak indebtedness, out
migrationanddependency on food reliedindimpacts on human development indicatsush
ashealth nutritionandeducation (Easterlingt al, 2007).

Drought and the consequent loss of livelihoods is also a major trigger faragion
movements, particularly rural to urban migration. Population displacement to urban slums can
lead to increases in diarrhoeal and other communicable diseases and poor nutritional status
resulting from overcrowdingnd a lack of safe water, foodnd shelter. Recently, rural to

urban migration has been implicated as a driver of Highdmission and unplanned
urbaniation has contributed to the spreadPtdsmodium vivaxnalaria and dengukever in

urban slumgConfalonieriet al, 2007).

EnvironmentaRefugees an&ocial Conflict

The UN projects that there will be up to 53fillion people escaping the effecof
environmental deterioration by 2020. The spectrum of associated health risks includes food
and water emergencieand infectious, nutritionaland mental diseases. By increasing the
scarcity of basic food and water resources, environmental degradation increases the likelihood
of violent conflict (LEAD, 2006). The Southern African Millennium Ecosystem Assessment
suggests a bidirectional causiak between ecological stress and social conflict: conflict may
cause environmental degradation but the latter may also trigger conflict @igds2004)

Conflict could emerge as a result ofimate changesnvironmentally induced migration.
Political refugees from violent regions are more likely to become involved in militant
activities.(Gleditschet al, 2007).

In subSaharan Africa, where cropg and grazing are often praetis by different ethnic
groups, the advance of crops into pasture lanchafsults in conflict, as shown by major
disturbances in the Senegal river basin between Mauritania and Sandgal North-east
Kenya, between the Boran and the Somalis (Moral. 2005). According to UNEP, the
conflict in Darfur has been driven in pdoy climate change and environmental degradation,
which threaten to trigger a succession of new wars across Afi¢BHR, 2007) (see Box 2).



41

Adaptation and Mitigation Strategies
Adaptation Strategies

Adaptation strategies to climate change for feedurity could be autonomous or planned.
Autonomous adaptation is the ongoing implementation of existing knowledge and technology
in response to the changes in climate experienBthned adaptation is the increase in
adaptive capacity by mobilizing inttions and policies to establish or strengthen conditions
favourable for effective adaptation and investmemaw technologies and infrastructure.

Autonomoug\daptation

Many of the autonomous adaptation options are extensions or intensificatiotstiofjeisk
management or producti@nhancement activitie®r cropping systemdivestock forestry
andfisheriesproduction(Easterlinget al,, 2007)

While autonomous adaptabs have the potential for limitindamage fronclimate changes,
there hadeen little evaluation of how effectivend widely adopted these adaptations may
actually be, giventhe complex nature of agriculturdecisionrmaking, thediversity of
responses within regiorend the possible interactionsetween differenadaptationoptions
and economic, institutionahuman and environmental headthd cultural barriers to change
among others (Easterlireg al, 2007)

Box 42: Climate Change and Conflict in Sudan(lUNEP 2007)

Environmental issueand @mpetition over agricultural landseare important causativ
factors in the instigation and perpetuation of conflict in Sudan. Resbasssl cofticts
between traditional farmers and nomadic herders have been present in Sudan thr
recorded history. The introduction of mechanized-fathagriculture systems that compe
for resources has been found to exacerbate and trigger conflict

A UNEP postconflict environmental assessment indicates that there is a very stron
between land degradation, desertificatamd the conflict in Darfur. Tensions betwee
farmers and herders over disappearing pasture and evaporating watethredésn to
reignite other longstanding conflicts within Sudan. The southern Nuba tribe, for exan
has warnedit could restart the war as Arab nomads, pushed southwards into their ter
by drought, are cutting down trees to feed their camels.

The assessmenteveals thatn the past 30 years, rainfall has dropped by 16 perce
southern Darfur and 34 percent in northern Darthie desert climate in Sudan ha
advanced southwards by 100 km over 40 yedeforestation has been accelerated wi
underground agjfers are being drainednd yelds of the local staple, sorghum, could dr
by 70 percent by 2060.

At the same timehie Darfur conflict has exacerbated Suaenvironmental degradatiof
forcing more than two million people into refugee camps. Curretlyd an has
largest population of displaced persons, with over five million internally displaced pe
and international refugees. This massive population displacement has led to huma
abuses, conflicts over resources, food insecuaitd a high prevalence of seve
malnutrition
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Adaptation strategies to climate change for food security and nutrition are particularly
complex andoften havdimitations. For example shifts todroughtresistant and less labeur
intensive crops such as cassava or sweet potatoes in African countries that alg sever
affected by droughts or HIV/AIDS shoutdke intoconsideation that these ops could be

less nutritious. Efforts to breed micronutriel@nse staple crops should be integrated with
climate change adaptations such as breeding droagttwatettolerant varieties. Similarly,
more heatolerant native livestock breeds often haweér levels of productivity.

PlannedAdaptation

Autonomous adaptations may not be fully adequate for coping with climate change, thus
necessitating deliberate, planned measures. Many options for -pakeyl adaptation to
climate change have been idéeti for agriculture, forestand fisheries. These can either
involve adaptation activities such as developing infrastructure or building the capacity to
adapt in the broader user community and institutions, often by changing the detabiog
environmet under which managemeletvel, autonomous adaptation activities occur. Pelicy
based adaptations to climatkange will interact with, depend ,oor perhaps even be just a
subset of policies on natural resource management, human and animal healthngeegicha
humanrights, among many others (Yokeal, 2007).

Mitigation Strategies

Agriculture, land useand waste account for some 35 percent of the GHG emissions that
contribute to climate change (Ste2906).At the same timemprovedagricultural practices

can make a significartontribution at low cost to increasing soil cartsinks ando GHG
emission reductiongMetz et al, 2007). Key mitigation strategies in the agriculture sector
include: improved crop and grazing land management to increaise&arbon sequestratipn
restoration of degraded lands, improveate cultivation and livestock and manure
management to reduce methane emissarsimproved nitrogen fertilizer management to
reduce nitrous oxide emissions in some agricultural systeteiz et al, 2007).7

Improved management of tropical land offers a promising agricubtased mitigation
strategy. Reduced deforestation, more sustainable forest manageantkmidoption of
agroforestry (integration of tree and crop cultivation) haveiqudarly good potential to
capture significant amounts of carbon and other GHGs and, at the same time, to contribute to
poverty reduction (CGIAR2008). Cultivation of productive forage grasses that sequester
carbon can be combined with tree planting silvopastoral systems of cultivation
Agroforestry not only captures carbon and helps maintain soil health through nitrogen fixation
and use of cuttings as fertilizer and mulch, but it also provides fodder, fruit, timber, fuel,
medicinesandresins. Thisan help improve nutrition in cultivator households through higher
incomes and by directly adding diversity to diets (CGJ2B08).

Agricultural research can help create new technologies that will facilitate agrichbétseel
mitigation strategies. For arple, research is underway @GIAR-supported international
agricultural research centres to breed new, dretajdtant varieties of sorghum that will
provide food, fee@ndfuel all from a single plant, without current tradeoffs among.uses

7 Ordinarily, nitrogen fertilizetends to break down into nitrous oxide, a greenhouse gas that also contributes to ozone
depletionandnitrate, which aids crop growth, but also contaminates streams and groundwater, thereby threatening health and
nutrition.
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In the wate management sector, existing technologies for mitigation are available that can
contribute to improved public health as an input into good nutrition. These include waste
incineration with energy recovery, composting of organic waste, controlled waste wat
treatmentandrecycling to minimize wastéMetz et al, 2007).



44

5. Nutrition and Bioenergy

Overview

Bioenergy is energy produced from organic matter, or biomass. Biofuels are eneigyg ca
derived from biomass. A e range of biomass sources ¢te@nused to produce energy. Some
have been used for millennia, such as fuelwood, chaerwhénimal dung. Newer sources
include ethanol, biodiesaeindbiogas. These new sources depend on natural vegetation, crops
grown specifically for energy, or agricuttl or other biological forms of wastes and residues.
Processing makes these biofuels cleaner and more efficient than traditionalskaoidiél

they are produced in a way that reduces net carbon emissions, they could contribute to
mitigating climate chage. Ethanol, for instance, can be made from sugars (e.g., sugar beets,
sugarcaneand sweet sorghum), grains (such as maize and wheat), root crops (such as
cassavg)celluloseandwaste products. Biodiesel is made from vegetable oils or animal fats
Bioethanol production is mostly concentrated in Brazil and the United Stateite the
European Union produces mosbdiesel(FAO, 20081, 2008&; von Braun 2007b).

Rising petrol prices have made thew biofuelsan attractive alternative energy source
Techndogical development has recently made thaore costkeffective and energgfficient.
Nevertheless, biofuels offemly a very small gainn energy efficiencyver petrolandtheir
production only minimally reduce§&SHG emissions.Research is underway to agop
cellulosicbiofuels fromlow value norfood cros, such as grasses or wodtiese feedstocks
are, however, more difficult to process than starch or sugar ammjisis not clear that their
production will expand significantly in the near futyven Braun 2007h FAO, 200&).

Nutrition Impacts

Biofuel production can have negative impacts on nutrition through three main pathways:
increased GHG emissiordirect effects omealth and sanitatioandreduced food availability

and associated price efts To the extent that biofuel production exacerbates climate change
for example, because of burning of forests to clear land for production of bioenergy crops
(UN-Energy 2007; Easterlingt al, 2007) that will indirectly contribute to malnutritionsa
explained in Chapter 4.

Growth ofthe biofuel sector may lead to watgnortages and wateontaminationUse of
sugarcane as a feedstock, aBiezil, is particularly wateintensive.The availability of water

in developing countries is @use oftorcern for agricultural productivity and for health and
sanitation. In underdeveloped rural arealsere theras very high demand for access to water

for irrigation, cookingand drinking, bioenergy crop production would compete for scarce
water supplies.An acceleration of biofuel expansion in areas requiring additional irrigation
water from already depleted aquifers could cause much greater water scarcity proldlems an
further push up cereal pricegBoorly managed use of inputs to cultivate energy cropsicoul
pollute drinking water, adversely affecting human and animal heéliN-Energy 2007,
Easterlinget al, 2007; Rosegrargt al, 2006)
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Diversion of Food and Feed to Fuel and Rising Food Prices

Biofuel demand putsdditional pressure on limited landnd water resourcedncreasing
prices are leading to the diversion of food and feed crops to biofuel produettbrsome
24 percent of the 2008 U.S. maize crppjected togo into ethanol productior{Trostle
2008. In developing countrieghere isintensepressure on farm land from currdobd crop
needsbut expanded bioenergy crppoductioncoulddivert land away from foods crops.

Diverting cereal from food and fe¢d fueluse has the potential to reduce food availability. In
addition, there is aisk that foodand feedproduction will be consigned to less productive
land,which may result in lower yieldsyhile the most fertile hectares support higilue fuel
crops.

Related to such effects, IFPRI estimates that rising bioenergy demand ceditribut
significantly to the jump in global food prices between 2000 and 20@redsed biofuel
demand, compared with previous historical r a
have accounted for 30 percent of the increase in weighted averagemhcas. The impact

was even higher for maize prices, for which growing biofuel demand is estimated to have
accounted for 39 percent of the real increase. The figures are 21 percent, {22 pescent

for wheat prices (Rosegra2008).

A rise in thefood bill for householdshat are net buyers of foadll tend to result in reduced
demand for foods of higher value and increased demarsidpleswithin a given set of taste

and food preferences.Benties Law descri bes t hi eandteelsllatei on s h
of starchy staples in the di®d€nnetf 1941). In many situations, depending upon local market
conditions,food price increasesiay lead not only to a reduction in the average number of
meals and the amount of food consumed but also teubstitution ofcerealsyoot cropsand

cheaper cuts for higher value foods such as animal products, legumes, processed foods, fruits
and vegetables. For rural communities, greater reliance upon gathered seasonal wild foods
may occur.As prices continueotrise, poorpeoplewill experience a worsening of dietary
guality and micronutrient intakend extremely poor peopl&vill experience an additional
decrease in food energy consumpti@ecreased overall food consumption in terms of
calories, as well as afther essential nutrients including proteiat and micronutrients, can

lead to weight loss; impaired developmental, mergatl physical growth in children; and

either sukclinical or clinical micronutrient deficiency in all age groupsr adults, prologed

periods of inadequate nutrition reduce productivity through reduction in the physical ability to
do work both by increasing the number of dtalen bysick leaveand reducing the rate and

the amount of work that can be accomplisf@dissler and Powgr2009. As The Economist
magazine (2008) recently editorialized, this can have devastating effects on nutrition, poverty
andpolitical stability:

AFamine traditionally means mass starvatidine measures of today's crisis are misery and
malnutrition. Tke middle classes in poaountriesare giving up health care and cutting out
meat so they can eat three meals a day. The middle poor, those on $2 a day, are pulling
children out of school and cutting back on vegetables so they can afford rice. Thosa on $1
day are cutting back on meat, vegetables and one or two meals, so they can afford one bowl.
The desperaté those on 50 cents a dayace disaster.

Roughly a billion people live on $1 a day. If, on a conservative estimate, the cost of their food
rises20% (and in some places, it has risen a lot more), 100 million people could be forced
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back to absolute poverty. In someunwies, that wouldundo all the gains in poverty
reduction they have made during the past decade of growth. Because food markets are
turmoil, civil strife is growing; and because trade and openness itself couladszmined,

the food crisis of 2008 may become a challenge to globalisation

We can examine the impact of increased food prices ubmgrice elasticitiesf different

food groups. For example, we can comp&amuth Africa and Malawi: South Africa is a
middle-income, neimaize exporting country. Though clearly not all households within South

Africa are middleincome and fooéecure, we can get an impression of food sbcstatus

from the countrydés aggregate food balance s
importer with high prevalence of food insecurity and malnutrition. Figure 9 shows the
different effects in the two countries of a 30 percent pnmeasefor all food groups

(amodest escalation compared to the actual price rises of 2006 to early 2668)and

calorie data are taken from FAO country food balance shddtsticites were estimated
using | FPRI 6s I nternat i on aficultMad Ganmodifies and Po | i ¢
Trade (IMPACT)? In this figure own-price elasticities by country and specific food groups

are used.

The baseline data for Malawi in 2003 estinyage capitacalorie consumption to be just above

the 2,100 kilocalorie daily mimum required for an adult. Though we see slivers of
consumption of fruit, dairandmeat, the bulk of calories come from cereals and other starchy
staples and pulses, indicating a lack of dietary diversity. The price increase squeezes
consumption in alffood groups, worsening dietary diversity. The largest drop is seen in
cereals and starchy roots, significantly decreasing calorie consumption well below the
required minimum.

On the other hand, South Africa starts out well above the minimum daily ecalori
requirements, with much higher consumption of meat as well as dairy and eggs, though still
limited consumption of fruits and vegetables. With the price increase, calorie consumption is
shown to decrease in South Africa as well, however, the higher statsseline of food
energy consumption and dietary diversity mean that the impacts are not as damaging for
nutrition status; calorie consumption remains close to the minimum required level and meat
and dairy products still form a substantial part of tie¢. d

Figure 9 gives a revealing snapshot of how food price increases will have different effects on
nutrition and food security depending on the baseline consumption basket. However, actual
household food budgeting is more complex than a simple resporownprice elasticity.
Furthermoreprice changes due to rising biofuel demand and other factors are not equal across
all foods. Thus the changes in price of one food may impact spending on another food, as
households maximize utility according to budgeid preferences. For instance, when the
price of maize rises, rather than simply decreasing consumption of starchy staples, a
household may substitute another less preferred staple. Figure 10 compares the impact on
calorie intake from higher prices usingvieprice and crosgrice elasticities. Croggrice
elasticities show the impact of consumers substituting other starchy staples for maize when its
price increases by 30 percent. Note how calories from the cereals and starchy roots food group
increase sligtly when crossprice elasticities are used to allow for substitution.

8 These data can be accessedTitP:// FAOSTAT.FAO.ORG/ SITE/345/ DEFAULT .ASPX.
9 For details on IMPACT, see Appendix 2.
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Looking aheadFigures 1 and R report IMPACT projections of theffects of two different
scenarios of biofuel demand on calorie availability and underweight preschool children in
2020 (as compared t@000. The first scenario is based on actual biofuel investment plans,
with assumed biofuel expansion in countries that have not specified plans. The second
scenario assumesdoubled rate dfiofuel expansior(von Braun 2007a).

Mitigat ion of Negative Impacts of Biofuels

Appropriate policies can make bioenergy development morgguo and environmentally
sustainable. Poor farmers might be ablgtow energy crops on degradedmarginal land

not suitable for food productiomut appreriate soil and fertilizer management practices will
have to be tailored to soil type and climatic conditions, otherwise bioenergy production may
aggravate land degradation, generate GHG emissions and cause environmental problems
through soil erosion andedradation of water qualityAlso, further investment is needed in
developing technologies to convert cellulose to energy. Thidd provide developing
country farmersincluding smallholderswith a use for crop residues like stalks and leaves,
which would be converted into ethanol for electrigityereby benefiting both poor farmers
with additional income and also poor consumers with cheaper efidngyhas positive food
security implicationsbecause it has the potential to impraaecess to foodnd it would also

Figure 9: Impact of Food Price Increases on Calorie Consumption
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reducetheimpact of biofuel production on food systems and pr{zes Braun and Pachauri
2006). However, if the valuation of crop residues for biofuel increases significantly, this
mightreduce the availability of green manure for fertilizer.

Because biofuel production is labeutensive, it could be a boon to rural areas with abundant

labour. In Brazil, one study showed that in 1997, the ethanol sector employed caitgout

million people. Thirtyfive percent of these jobs were temporary harvesting jobs employing
many poor migrant | abourers from pgefcenmtwerer t he a
permanenfvon Braun and Pachau#i006) This also has positive foegkcurity implications.
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Smallerscale and rurabased production will open up opportunities for biofuel to be pro
poor. Organizing groups of smallholders through contraoiihg schemes to grow and
market biomass to processing plants may be most effective for Hlazsel|( 2006). For
example, substantial investments in biofuels are currently in process in Mozanthame

6 million hectares are already planted to biofuelpsrand the government has received
requess for use rights (as all land is stade/ned) for more than 12 million additional hectares
for this purpose. Preliminary results from an IFPRI macroeconomic analysis suggest that
expansion via either plantation pection of sugarcane for ethanol or outgrower cultivation
of an oil-bearing crop calledatropha curcador biodiesel will lead to increased welfare and
reduced poverty, due to incorearning opportunitieswith positive implications for food
security(Arndt et al, 2008).

However, technologies and institutional arrangements are important to determining the impact
on poverty. The outgrower scheme is considerably morg@oo, as it uses more unskilled
labour and permits smallholders, rather than plamatiwners, to reap land rents. Moreover,
such schemes have the potential for technology to spill over to other crops, indhmting
crops, with additional growth anploverty reductiorbenefits resulting as well as increased

food availability Jatroplaalso is more environmedffiiendly than sugarcane, as it requires far
less watergrows in infertile soil, even in drought conditions, animals do not grazeaml it
produces nopolluting biodiese(Arndt et al, 2008.

A considerable body of reseadrmdicates that women are more likely than men to use income
for thewellbeingof children, including nutrition (Quisumbing003). There may be barriers

to female farmers taking advantage of opportunities created by biofuel demand. Women often
have lessaccess than men to land, water, credit, in@und services, even when they are
responsible for much of the agricultural work. In Camerdon,instance, women provide
75percent of the agricultural labour, but own less than 10 percent of the land.Zih Bra
women own 11 percent of the land. These disparities make it difficult for w@mdn
especially female heads of household, to benefit from energy crop produetiem use of
marginal lands for biofuel crops may work against women. Such land is aftesidered
common propertyand in both South Asia and West Africa, women and children are
responsible for gatheringn and use of common property resourdast women often do not
have decisiomrmaking authority over such resources. Thus, expansion of b@mereop

production on such | and coul d adv ossietdy af f

Lambroy 2008).
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Figure 10: Impact of Price Increase on Root and Grain
Consumptionn Malawi: Crossprice vs. Owrprice Elasticity

Baseline (2003)

Rice, 51

Casava, 161

Other
Grains, 43

Wheat, 29

Potatoes, 163

Total Calonies from
Cereals and Starchy
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Cross-Price Elasticity

Rice, 52

Other Grains,
43

Wheat, 30

Total Calories from
Cereals and Starchy
Roots: 1247

Own-price Elasticity

Casava, 125
Rice, 38

Other
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Wheat, 22
Potatoes, 124

Total Calories from
Cereals and Starchy
Roots: 1358

Soure : Aut horsoé calcul ations.
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Figure 11

Figure 12: Changes in number of malnourished preschool
children from baseline by 2020 (thousands) under two
biofuel scenarios

Source: IFPRI IMPACT projections




