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Executive summary

The current food system (production, transport, processing, packaging, storage, retail,
consumption, loss and waste) feeds the great majority of world population and supports the
livelihoods of ca.200 million people. Since 1961, food supply per capita liasreased more than
30%, accompanied by greater use of nitrogen feridiincrease of abol800% and water resources

for irrigation (increase of more than 100%). However, an estimated 821 million people are currently
undernourished, 151 milliochildren under 5 are stunted, 613 million women and girls aged 15 to 49
suffer from iron deficiency, and 2 billion adults are overweight or obEse food system is under
pressure from nonlimate stressors (e.g., population and income growth, demardtifoalsourced
products), and from climate change. These climate anetlimoate stresses are impacting the four
pillars of food security (availability, access, wiliion, and stability). {5.1.1, 5.1.2}

Observed climate change is already affecting foodecurity through increasing temperatures,
changing precipitation patterns, and greater frequency of some extreme eventgigh
confidence) Increasing temperatures are affecting agricultural productivity in higher latitudes, raising
yields of some crops (rime, cotton, wheat, sugar beets), while yields of others (maize, wheay) barl
are declining in lowelatitude regions. Warming compounded by drying has caused yield declines in
parts of Southern Europe. Based on indigenous and local knowledge, clisyage ¢h affecting food
security in drylands, particularly those in Africa, and high mountain regions of Asia and South
America.{5.2.2}

Food security will be increasingly affected by projected future climate changgigh confidence)
Across SSPs 1, 2, and 3, global crop and economic models projecd@dereal price increase in
2050 due to climate change (RCP 6.0), which would impact consumers globally through higher food
prices; regional effects will varghigh confidence)Low-income consumers are particularly at risk,
with models projecting increases cfLl&3 million additional people at risk of hunger across the SSPs
compared to a no climate change scenérigh confidence)While increasedO, is projected to be
beneficial forcrop productivity at lower temperature increases, it is projected to lower nutritional
quality (high confidenceje.g., wheat grown at4%-586 ppm CO, has5.9/ 12. 8% less protein3.7i

6.5% less zinc, and.2i 7.5% less iron). Distributions of pests and dises will change, affecting
production negatively in many regiorfhigh confidence) Given increasing extreme events and
interconnectedness, risks of food system disruptions are gr@wgigconfidenceX5.2.3, 5.2.4}

Vulnerability of pastoral systemsto climate change is very highlligh confidencg. Pastoralism is
practiced in more than 75% of countries by between 200 and 500 million people, including nomadic
communities, transhumant herders, and qugstoralistsimpacts in pastoral systems include lower
pasture and animal productivity, damaged reproductive function, and biodiversity loss. Pastoral
system vulnerability igxacerbated by neclimate factors (land tenure, sederdation, changes in
traditional instiutions, invasive species, lack of markets, and conflifds.2}

Fruit and vegetable production, a key component of healthy diets, is also vulnerable to climate
change (medium evidence, high agreement)eclines in yields and crop suitability are proget
under higher temperatures, especially in tropical and-geical regions Heat stress reduces fruit
set and speeds up development of annual vegetables, resulting in yield losses, impaired product
guality, and increasing food loss and waste. Longewigpg seasons enable a greater number of
plantings to be cultivated and can contribute to greater annual yields. However, some fruits and
vegetables need a period of cold accumulation to produce a viable harvest, and warmer winters may
constitute a risk{5.2.2}

Food security and climate change have strong gender and equity dimensiafisgh confidencd.
Worldwide, women play a key role in food security, although regional differences exist. Climate
change impacts vary among diverse social groups dependiagey ethnicity, gender, wealth, and
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class.Climate extremes have immediate and kbergn impacts on livelihoods of poor and vulnerable
communities, contributing to greater risks of food insecurity thabeaa stress multiplier fonternal

and external migration (medium confidence){5.2.6} Empowering women and rightsased
approaches to decisianakingcan create synergies among household food security, adaptation, and
mitigation {5.6.4}

Many practices can be optimsed and scaled up to advance adaptation throughout the food
system (high confidence) Supplyside options include increased soil organic matter and erosion
control, improved cropland, livestock, and grazing land management, and genetic improvements for
tolerance to heat and drought. Diversification in the food system (e.g., implementation of integrated
production systems, brodmhsed genetic resources, and heterogeneous diets) is a key strategy to
reduce risks rhedium confidenge Demandside adaptation, shcas adoption of healthy and
sustainable diets, in conjunction with reduction in food loss and waste, can contribute to adaptation
through reduction iradditionalland areaneededfor food production and associated food system
vulnerabilities.Indigenous ad local knowledge can contribute to enhancing food system resilience
(high confidenck {5.3, 5.6.3 Cros<Chapter Bo»6}.

Ca. 2530% of total GHG emissions are attributable to the food system. These are from
agriculture and land use, storage, transport, pckaging, processing, retail, and consumption
(medium confidence)This estimate includes emissions of 12% from crop and livestock activities
within the farm gate and-80% from land use and land use change including deforestation and
peatland degradatiofinigh confidence)5i 10% is from supply chain activitiggnedium confidence)

This estimate includes GBemissions from food loss and wadtéithin the food system, during the
period 20072016, the major sources of emissions from the supply side were agricultural production,
with crop and livestock activities within the farm gate generatisgectively 12 + 43 Tg CH, yr*

(high confidencend8.3 + 2.3 Tg NO yr' (high confidence)and CQ emissions linked to relevant

land use change dynamics such as deforestation and peatland degradation, generating 4.8 + 2.4 Gt
CO, yr*. Using 106year GWP values (ndimate feedback) from the IPCC AR5, this implies that
total GHG emissions from agriculture were 6.2 + 1.9 G@r, increasing td1.0 + 3.1 Gt C@eq
yr'tincluding relevant land use. ithlout intervention, these are likely to increase by abouti20%

by 2050, due to increasing demand based on population and income growth and dietaryhigifange
confidence){5.4}

Supply-side practices can contribute to climate change mitigation by reducing crop and
livestock emissions, sequestering carbon in soils and biomass, and by decreasing emissions
intensity within sustainable production systemghigh confidence) Total mitigation potential of

crop and livestock activities is estimated ag 4.6 GtCQ-eq yr* by 2030 at prices ranging from 20

100 USD/tCQeq (high confidence)Options with large potential for GHG mitigation in cropping
systems include soil carbon sequatstn (at decreasing rates over time), reductions,(d &missions

from fertilisers, reductions in CHemissions from paddy rice, and bridging of yield gaps. Options
with large potential for mitigation in livestock systems include better grazing land eraaag with
increased net primary production and soil carbon stocks, improved manure management, and higher
guality feed. Reductions in GHG emissions intensity (emissions per unit product) from livestock can
support reductions in absolute emissions, preyidppropriate governance to limit total production is
implemented at the same timaddium confidenge{5.5.1}

Consumption of healthy and sustainable diets presents major opportunities for reducing GHG
emissions from food systems and improving health éecomes (high confidence) Examples of
healthy and sustainable diets dnigh in coarse grains, pulses, fruits and vegetables, and nuts and
seeds; low in energntensive animasourced and discretionary foods (such as sugary beverages);
and with a carbohydte threshold. Total mitigation potential of dietary changes is estimated-as 1.8
3.4 GtCQeq yr* by 2050 at prices ranging from 400 USD/CO, (medium confidence)This
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estimate includes reductions in emissions from livestock and soil carbon sequesinagpared land,

but cobenefits with health are not taken into account. Mitigation potential of dietary change may be
higher, but achievement of this potential at broad scales depends on consumer choices and dietary
preferences that are guided by sqcialltural, environmental, and traditional factors, as well as
income growth. Meat analogues such as imitation meat (from plant products), cultured meat, and
insects may help in the transition to more healthy and sustainable diets, although their carbon
footprints and acceptability are uncertdi5.2, 5.6.5}

Reduction of food loss and waste could lower GHG emissions and improve food security
(medium confidence) Combined food loss and waste amount to a third of global food production
(high confidence)During 20102016, dobal food loss and waste equalletll8% of total GHG
emissionsfrom food systemgmedium confidenceland cost about USD 1 trillion per yeg012
priceg (low confidence)Technical options for reduction of food loss and waste inclogeoved
harvesting techniques, darm storage, infrastructure, and packaging. Causes of food loss (e.g., lack
of refrigeration) and waste (e.g., behaviour) differ substantially in developed and developing
countries, as well as across regi@rubust eviegnce, medium agreemer{§.5.2}

Agriculture and the food system are key to global climate change responses. Combining supply

side actions such as efficient production, transport, and processing with demaisile
interventions such as modification of foocthoices, and reduction of food loss and waste, reduces

GHG emissions and enhances food system resilientégh confidencg. Such combined measures

can enable the implementation of laigymle lanebased adaptation and mitigation strategies without
threateing food security from increased competition for land for food production and higher food
prices. Without combined food system measures in farm management, supply chains, and demand,
adverse effects would include increased number of malnourished peoptapands on smallholder
farmers fnedium evidence, high agreemedtst transitions are needed to address these effeés.

5.6, 5.7}

For adaptation and mitigation throughout the food system, enabling conditions need to be
created through policies, marlets, institutions, and governancéhigh confidence) For adaptation,
resilience to increasing extreme events can be accomplished through risk sharing and transfer
mechanisms such as insurance markets and -ipasad weather insuranffgh confidence)Pulic

health policies to improve nutritioh such as school procurement, health insurance incentives, and
awarenessaising campaigng can potentially change demand, reduce hesdtle costs, and
contribute to lower GHG emission@imited evidence, high agement).Without inclusion of
comprehensive food systemesponses in broadeslimate changepolicies, the mitigation and
adaptatiorpotentiak assessed in this chapter will not be realised and food security will be jeopardised
(high confidenck {5.7}
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5.1 Framing and context

The current food system (production, transport, processing, packaging, storage, retail, consumption,
loss and waste) feeds the great majority of world population and supports the livelihood20fF ca.
million people.Agriculture asan economic actity generates between 1% and&0f national GDP

in many countries, with aevld average of about 4% in 20{World Bank 2019)Since 1961, food

supply per capita has increased more than 30%, accompanied by greater use of nitrogen fertili
(increase of about 800%) and water resources for irrigation (increase of more than 100%).

The rapid growthin agricultural productivity since the 1960s has underpinned the development of the
current global food system that is both a major driver of climate change, and increasingly vulnerable
to it (from production, transport, and market activitigS)ven the arrent food system, the FAO
estimates that there is a need to produce about 50% more food by 2050 in order to feed the increasing
world population(FAO 2018a) This would engender significant increases in GHG emissions and
other evironmental impacts, including loss of biodiversifAO (2018a)projects that by 2050
cropland area will increase 9825 Mha, between-81% more than the 1,567 Mha cropland area of
2010, depending on climate change scenario and development pathway (the lowest increase arises
from reduced food loss and waste and adopdf more sustainable diets).

Climate change has direct impacts on food systems, food security, and, through the need to mitigate,
potentially increases the competition for resources needed for agriculture. Responding to climate
change through deploymenf landbased technologies for negative emissions based on biomass
production would increasingly put pressure on food production and food security through potential
competition for land.

Using a food system approach, this chapter addresses how climatge chiffects food security,
including nutrition, the options for the food system to adapt and mitigate, synergies andffsade
among these options, and enabling conditions for their adoption. The chapter asegdesof
incremental and transformatiain adaptation, andhe potential for combinatienof supplyside
measures such as sustainable intensification (increasing productivity per hectare) andsigsnand
measures (e.g., dietary change and waste reduction) to contribute to climate changemnitigati

5.1.1 Food security and insecurity, the food system, and climate change

Thefood systenencompasses all the activities and actors in the production, transport, manufacturing,
retailing, consumption, and waste of food, and their impacts on nutritionh taealtwelbeing, and
the environmentKigure5.1).
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Climate System
Emissions T
emperature,
from other Precipitation,
sources Extreme events,
GED GEID G
Ecosystems Food System : Food
Ey Security
Land, Water & Eg Crop, animal, Processing, Demand, : o
Oceans u § E > fish & seafood value chains, consumption, : A",‘\’i'::’s"s"y'
Pressure @ production markets & trade diets 2 NI
from other Biodiversity, ‘ ¢ * gl Stability
activities c bs""s' 8 :
arbon storage Loss & Waste | : Human health
bl | v
Enabling conditions and constraints Socio economic benefits Well-being
e Interaction Socio-eoconomic System
Intervention Demography, Economics,
Outcome Food environment,
Consumer behaviour,
System Technology, Culture,
| System component Policy, Institutions

Figure 5.1 Interlinkages between the climate system, food system, ecosystem (land, water and oceans),
and socieeconomic system. These systems operate at multiple scales, both global and regional. Food
security is an outcome of the food system leading to human wling, which is also indirectly linked with
climate and ecosystems through the socieconomic system. Response options for sustainable (S)
practices, mainly in terms of climate change mitigation (M) and adaptation (A) are represented by grey
arrows. Adapation measures can help to reduce negative impacts of climate change on the food system
and ecosystems. Mitigation measures can reduce greenhouse gas emissions coming fnerfobd system
and ecosystems.

5.1.1.1 Food security as an outcome of the food system

The activities and the actors in the food system leads to outcomes such as food secgeiheeatd
impacts on the environment. As part of the environmental impacts, food systems are a considerable
contributor to greenhouse gas emissions, and thus elict@nge (Section 5.4). In turn climate
change has complex interactions with food systems, leading to food insecurity through impacts on
food availability, access, utilisation and stability (Table 5.1; Section 5.2).

We take dood systems lens the Spedal Report on Climate Change and LaSRCCL) to recognise

that demand for and supply of food are interlinked and need to be jointly assessed in order to identify

the challenges of mitigation and adaptation to climate change. Outcomes cannot be disaggregat
solely to, for example, agricultural production, because the demand for food shapes what is grown,
where it is grown, and how much is grown. Thus, greenhouse gas emissions from agriculture result, in

| arge part, from 6pul lodand adaptation invelve chaifyimgpdodustiond e . Mi
supply chain, and demand practices (through for example dietary choices, market incentives, and
trade relationships), so as to evolve a more sustainable and healthy food system.

According toFAO (2001a)food securityis a situation that exists when all people, at all times, have
physical, social, and economic access to sufficient, safe, and nutritious food that meets their dietary
needs and food preferences for an adieasitheeeedand he
for equitable and stable food distribution, but it is increasingly recognised that it also covers the need
forintergener ati onal equi ty, and therefore fisustaine
food éf or amphes thdt fodd ynseturity candoccur if the diet is not nutritious, including

when there is consumption of an excess of calories, or if food is not safe, meaning free from harmful
substances
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A prime impact of food insecurity isnalnourishment( | i t er anloluyr i 8hmeé nt 0) | ea
malnutrition, whichr ef er s to deficiencies, excesses, or i
and/or nutrientsAs defined byFAO et al. (2018) undernourishment occurs whenn i ndi vi dual

habitual food consumption is insufficient to provide the amount of dietary energy required to maintain

a normal, active, healthy lifdn addition to undernourishment in the sense of insufficient calories
(Ahungero), wundernourishment occurs in terms of
and minerals (e.g., iron, zinc, iodine);s@ | | ed A hi Hiddenhungeremdg te e @resent in
countries with high levels of undernourishméMiuthayya et al. 2013)out micronutrient deficiency

can occur in societies with low prevalence of undensbment. For example, in many parts of the

world teenage girls suffer from iron deficien¢whitfield et al. 2015)and calcium deficiency is

common in Westerstyle diets(Aslam and Varani 2016)}ood security is related to nutrition, and
conversely food insecurity is related to malnutrition. Not all malnourishment arises from food
insecurity, as households may have access to healthy diets but choose to eat unhealthily, or it may
arise from illnessHowever, in many parts of the world, poverty is linked to poor diefgO et al.

2018) This may be through lack of resources to produce agsacfood in general, or healthy food, in
particular, as healthier diets ar@re expensive than diets rich in calories but poor in nutritiagh(
confidence)see metanalysis by Darmon and Drewnowski 2015he relationship between poverty

and poor diets may also be linkedum heal t hy A f o o dhratail eutletsinraoeality s , 06 w
only providing access to foods of lenutritional quality (Gamba et al. 2015) such areas are
someti mes t er niBattershyf201d)d desert so

Whilst conceptually the definition of food security is clear, it is not straightforward to measure in a
simple way that encompasses all its aspects. Although there are a range of methods to assess food
insecurity, they all have some shortcominger examfe, the UN FAO has developed the Food
Insecurity Experience Scale (FIES), a surbeged tool to measure the severity of overall
householdsd inability to access food. While it
insecurity in a populatigrit does not reveal whether actual diets are adequate or not with respect to

all aspects of nutritiofsee Sectio®.1.2.)).

5.1.1.2 Effects of climate bange on food security

Climate change is projected to negatively impact the four pillars of food seturigvailability,

access, utilisatiorand stability 7 and their interaction$FAO et al. 2018)high confidence) This

chapter assesses recent work since AR5 that has strengthened understanding of how climate change
affects each of these pillars across the full range of food system ast{\litible 5.1, Section 5.2).

While most studies continue to focus on availability via impacts on food production, more studies are
addressing related issues of access (e.g., impacts on food prices), utilisation (e.g., impacts on
nutritional quality), andstability (e.g., impacts of increasing extreme events) as they are affected by a
changing climatgBailey et al. 2015) Low-income producers and consumers létely to be most
affected because of a lack of resources to invest in adaptation and diversification m&AdGEP

2017; Bailey et al. 2015)

Table 5.1 Relationships between food security, the food system, and climate charayel guide to chapter.

Food Examples of observed and Sections | Examples of adaptation and | Section
security projected climate change mitigation

pillar impacts

Availability | Reduced yields in crop and 5.2.2.1, | Development of adaptation | 5.3
Production | livestock systems 5.2.2.2 | practices
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of food and | Reduced yields from lack of 5.2.2.3, | Adoption of new technologies| 5.3.2.3,
its readiness| pollinators; pests and diseases | 224 | new and neglected varieties | 5.3.3.1,
for use Reduced food quality affecting | 5.2.4.1, | Enhanced resiliendey 5323,
through availability (e.g, food spoilage | 5.5.2.5 | integrated practices, better fo( 5.3.3.4,
storage, and loss from mycotoxins) storage 5.64
processing,
distribution, | Disruptions to food storage and| 5.2.5.1, | Reduction odemandon by 5.3.4,
sale and/or | transport networks from change| 5-3.3.4, | reducing waste, modifying 5.5.2,5.7
exchange | in climate, including extremes | 58-1 diets
Box 55
Closng of crop yield and 5.64.4,
livestock productivity gaps 5.7
Risk management, including | 5.3.2,5.7
marketing mechanisms,
financial insurance
Access: Yield reductionschanges in 5.2.2.1, | Integrated agricultural 5.64
Ability to farmer livelihoods, limitatioson | 5.2.2.2 | practices to build resilient
obtain food, | ability to purchase food livelihoods
g}%%?éngf Price_) rise and spikeffects_on 51.3 Inc_rgased supply ch:_:lin 5.3.3,
fice low-income consumers, in 5.2.3.1, | efficiency (e.g.reducing loss | 5.3.4
P particular women and children, | ©2:5-3 | and waste)
due tolack of resources to Box 5.1
purchase food
Effects of increased extreme 58.1 More climateresilient food 5.7
events on food supplies, systems, shortened supply
disruption of agricultural trade chains, dietary change, marke
and transportation infrastructure change
Utilisation | Impacts on food safety dueto | 5.2.4.1 | Improved storage andid 5.3.3,
Achievemen| increased prevalence of chains 534
t of food microorganisms and taxs
potential Decline in nutritional quality 5.2.4.2 | Adaptive crop and livestock | 5.3.4,
through resulting fronincreasing varieties healthy dietsbetter | 5.5.2,5.7
nutrition, atmospheric C® sanitation
cooking,
health Increased exposure to diarrheal 5.2.4.1
and other infectious diseases dt
to increased risk of flooding
Stability Greater instability of supply due| 5.2.5, Resiliencevia integrated 5.64,
Continuous | to increased frequency and 58.1 systems and practices, 57,581
availability | severity of extreme events; fooc diversified local agriculture,
and access | price rises and spikes; instability infrastructure investments,
to food of agricultural incomes modifying marke$ andtrade,
without reducingfood loss and waste
disruption
Widespread crop failure 58.2 Crop insurance for farmers to| 5.3.2.2,
contributing to migration and cope with extremevents 5.7
conflict
Capacity building to develop | 5.36,
resilient systems 5.74
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Combined | Increasing undernourishment ag 5.1 Increased food system 551,57
Systemic food system is impacted by productivity and efficiency
impacts climate change (e.g.,supply side mitigation,
from reducing waste, dietary
interactiors change)
of all four Increasing obesity and ill health| 5.1 Increased production of 5.5.2,5.7
pillars through narrow focus on adaptir healthyfood and reduced
limited number commaodity crop: consumption oénergy
intensive products
Increasing environmental Cross Development of climate smar{ 5.3.3, 5.7
degradation and GHG emission| Chapter | food systems by reducing GH
Box 6 emissions, building resilience
adapting to climatehange
Increasing food insecurity due t( 5.6.1 Governance and institutional | 5.2.5, 5.7
competition for land and natural responsefincluding food aid)
resources (e.g., for lafimhsed that take into consideration
mitigation) gender an@quity

5.1.2 Status of the food system, food insecurifyand malnourishment

5.1.2.1 Trends in the global food system

Food is predominantly produced on land, with, on average, 83% of the 697 kg of food consumed per
person per year, 93% of the 2884 kcal per day, and 8a#ted1g of protein eaten per day coming

from terrestrial production in 201FAOSTAT 2018J. With increases in crop yields and production
(Figure 5.2), the absolute supply of food has been increasing over the last five decades. Growth in
production of animasourced food is driving crop ushtion for livestock feedFAOSTAT 2018;
Pradhan et al. 2013aplobal trade of crop and animsdurced food has increased by around 5dime
between 1961 and 201BAOSTAT 2018) During this period, global food availability has increased
from 2200 kcHcap/day to 2884 kcal/cap/day, making a transition from a food deficit to a food surplus
situation(FAOSTAT 2018; Hic et al. 2016)

The availabiliy of cereals, animal products, oil crops, and fruits and vegetables has mainly grown
(FAOSTAT 2018) reflecting shifts towards more affluent diets. Thia general, has resulted in a
decrease in prevalence of underweight and an increase in prevalence of overweight and obesity
among adult§AbarcaGomez et al. 2017During the periodl961-2016 anthropogenic greenhouse

gas emissions associated with agricultural production has grown3iio®t CO-eq yr’ to 58 Gt

CO,-eq yr* (Section 5.4.2, Chapter 2). The increase in emissions is mainly from the livestock sector
(from enteric fermentatioandmanure left on pasture), use of synthetic fertiliser, and rice cultivation
(FAOSTAT 2018)

' FOOTNOTE: Does not take into account terrestrial production of feed.
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Figure 5.2 Global trends in (a) yields of maize, rice, and whegFAOSTAT 2018)i the top three crops
grown in the world; (b) production of crop and animal calories and use of crop calories as livieek feed
(FAOSTAT 2018}, (c) production from marine and aquaculture fisheries(FishStat 2019) (d) land used

for agriculture (FAOSTAT 2018);, (e) food trade in calories(FAOSTAT 2018); (f) food supply and
required food (i.e., based on human energy requiremesafor medium physical activities) from 1961 2012
(FAOSTAT 2018; Hig et al. 2016) (g) prevalence of overweight, obesity and underweight from 1972015
(Abarca-Gomez et al. 2017)and (h) GHG emissions for the agriculture sector, excluding land use change
(FAOSTAT 2018). For figures (b) and (e), data provided in mass units were converted into calories using
nutritive factors (FAO 2001b) Data on emissions due to burning of savanna and cultivation ofganic
soils is provided only after 199QFAOSTAT 2018).
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5.1.2.2 Food insecurity status and trends
In addressing food sarity the dual aspects of malnutrition undernutrition and micrenutrient
deficiency, as well as oveonsumption, overweight, and obesityneed to be considereéFigure

5.2g andTable5.2) .

The

IPCC SRCCL

U NState gfd~ood Seeusitp and Nutriti@®18 repor{FAO et al.

2018) and the Global Nutrition Report 20 Development Initiatives 201 Qummarise the global

data. TheState of Food Securitye por t 0 s

esti

mat e

for

undernour i

million, up from 815 million the previous year and 784 million trear before that. Previous to
2014/2015 the prevalence of hunger had been declining over the last three decades. The proportion of
young children (under 5) who are stunted (low hefghtage), has been gradually declining, and was
22% in 2017 compared to 31% in 2012 (150.8 millionyddrom 165.2 million in 2012). In 2017,
50.5 millionchildren(7.5%) under 5 were wasted (low weight for height). Since 2014, undernutrition
has worsened, particularly in parts of ssdétharan Africa, SoutBastern Asia and Western Asia, and
recently LatinAmerica. Deteriorations have been observed most notably in situations of conflict and
conflict combined with droughts or floo¢BAO et al. 2018

Regarding

mi

cronutri

ent

def i ci esuggéseasprevialancenoh

as

one in three people global(fFAO 2013a; von Grebmer et al. 2004ylchinsky 2010)Table 5.2). In

the last decades, hidden hunger (measured through proxies targeting iron, vitamin A, and zinc
deficiencies) worsened in Africa, while it mainly improved in Asia and Pa@ielBergeron et al.

2015) In 2016, 613 million women and girls aged 15 to 49 suffered from iron deficiency
(Development Initiatives 2018)in 2013, 28.5% of theglobal population suffered from iodine
deficiency; and in 2005, 33.3% of children under five and 15.3% of pregnant women strifened
vitamin A deficiency, and 17.3% of tlggobal population suffered from zinc deficien@yLPE 2017)

Table 5.2 Global prevalence of various forms of malnutrition

HLPE 2017 SOFI 2017 GNR 2017 SOFI 2018 GNR2018
(UN) (FAO) (FAO)
Overweight but not 1.3 billion 1.93 billion 134 billion
obesé (38,9%5%
Overweight under five | 41 million 41 million 41 million 38 million 38 million
Obesity 600 million 600 million 641 million 672 million 678 million
(13%) (13,1%f
Undernourishment 800 million 815 million 815 million 821 million
Stunting under five 155 million 155 million 155 milliorf’ 151 million 151 milliorf
(22%)
Wasting under five 52 million 52 million 52 million® 50 million 51 million®
(8%) (7%)
MND (iron) 19.2% of| 33% women off 613 million 613 million 613 million
\F/)vr:r%gzri’fm ;egr;roductive ga?zgezniS o (32.8%) women| (32.8%)women

49

and girls aged
15 to 49

and girls aged 15
to 49

HLPE: High Level Panel of Experts of the committee of world food secusiQf-L

The State of Food Security

and Nutrition in the WorldGNR Global Nutrition ReportMND: Micro nutrient déiciency (Iron deficiency for
year 2016, uses anemia as a proxy (percentage of pregnant women whose haemoglobin level is less than 110
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grams per litre at sea level and percentage ofpmegnant women whose haemoglobin level is less than 120
grams per lite at sea level).

*Body mass index between-28.9 kg/nt

®Body mass index greater than 30 k§/m

‘reval ence of overweight/obesity among adults (age
YUNICEF WHO Joint Malnutrition;

°In 2011

'Anaemiaprevalence in girls and women aged 15 to 49

Globally, as the availability of inexpensive calories from commodity crops increases, so does per
capita consumption of calorigense food¢Ng et al. 2014; NCERisC 2016a; Abarc&omez et al.

2017; Doak and Popkin 2017As a result, in every region of the warlthe prevalence of obesity
(body mass index >30 kgAnand overweightifody mass index range between normality [1B19)]

and obesityis increasing. There are now more obese adults in the world than underweighfNglults

et al. 2014; NCERIisC 2016a; Abarc&06mez et al. 2017; Doak and Popkin 201@A)2016, around

two billion adults were overweight, including 678 million suffering from obe@tgD-RisC 20164a;
AbarcaGémez et al. 2017)The prevalence of overweight and obesity has been observed in all age
groups.

Around 41 million children under five yearsich 340 million children and adolescents agéd%
years were suffering from overweight or obesity in 204E€D-RisC 2016a; FAO et al. 2017; WHO
2015) In many highincome countries, the rising trends in children and adolesceffiésizg from

overweight and obesity have stagnated at high levels; however, these have accelerated in parts of Asia

and have very slightly reduced in European and Central Asian lower and -niclathee countries
(AbarcaGbémez et al. 2017; Doand Popkin 2017; Christmann et al. 2009)

There are associations between obesity rmordcommunicable diseases suchdiabetes, dementia,
inflammatory diseasefSaltiel and Olefsky 2017)ardievascular diseas@rtega et al. 2016xnd

some cancers, e.g., of the colon, kidney, and I{iMuoley and Colditz 2016)There is a growing
recognition of the rapid rise in overweight and obesity on a global basis and its associated health
burden created through the rRoommunicable diseas@CD-RisC 2016a; HLPE 2017)

Analyses reported iRAO et al. (2018highlight the link between food insecurity, as measured by the
FIES scale, and malnourishmenimgdium agreement, robust evidencélhis varies by
malnourishment measure as well as cou(f®&O et al. 2018)For example, there Isnited evidence
(low agreemenbut multiple studies) that food insecurity and childhood wasting (@elpw weight

for height)are closely related, but it is very likelitigh agreement, robust evidehahat childhood
stunting and food insecurity are rela{d\O et al. 2018)With respect to adult obesity theradabust
evidence, with medium agreemetitat food insecurity, arising from poverty reducing access to
nutritious diets, 3 related to the prevalence of obesity, especially in-imigbme countries and adult
females. An additional metanalysis (for studies in Europe and North America) also finds a negative
relationship between income and obesity, with some support for act eff obesity causing low
income (as well as vice verg®im and von dem Knesebeck 2018)

As discussed in Section151.1, different methods of assessing food insecurity can provide differential
pictures. Of particular note is the spatial distribution of food insecurity, especially in {nglene
countriesFAO et al. (2018)eports FIES estimates of severe food insecurity in Africa, Asia and Latin
America of 29.8%, 6.9% and 9.8% of the population, respectivitypbi.4% of the population (i.e.,
about 20 million in total; pro rata <5 million for US, <1 million for UK) in Europe and North
America. However, in the United States, USDA estimates 40 million peggke exposed to varying
degrees ofood insecurityfrom mild to severe (overall prevalence about 12@glemanJensen et al.
2018) In the UK, estimates from 2017 and 2018 indicate about 4 million adults are moderately to
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severely food insecure (prevalence §&)d Hunger UK 2018; Bates et al. 201The UK food bank
charity, the Trussell Trusgver a yearin 2017/18,distributed1,332,952threeday emergencyfood
parcelsto peoplereferredto the charity asbeing in food crisis. Furthermorea 2003 study in the UK
(Schenker 2003gstimated that 40% of adults, and 15% of children, admitted to hospitals were
malnourished, and that 70% of undernourishment in the UK was unreported.

In total, more than half the wor(NGDRsC 30b/g)sol at i
their di ets do not provide the <conditions f
compromised under the impagatf climate change by chamg the availability, access, utilisation,

and stability of diets of sufficient nutritional quality as showrTable 5.2and discussed in detail
below (see Section 5.2).

5.1.3 Climate change, gender, and equity

Throughout, the chapter considers many dimensibigender and equity in regard to climate change
and the food systelfBox 5.1) Climate change impacts differ among diverse social groups depending
on factors such as age, ethnicity, ability/disability, sexual orientation, gender, wealth, antiglass (
confidencg (Vincent and Cull 2014; Kaijser and Kronsell 201Bpverty, along with socieconomic

and political marginalisation, cumulatively put women, children and the elderly in a disadvantaged
position in coping with the adverse impacts of the changing cligh&i#dP 2013; Skoufias et al.
2011) The contextual vulnerability of women is higher duetheir differentiated relative power,
roles, and responsibilities at the household and community |éBejgn and Behrman 2013; Nelson

et al. 2002) They often have a higher reliance on subsistence agriculture, which will be severely
impacted by climate changAipira et al. 2017)

Through imp@cts on food prices (section 5.2.3 ) poor peopl eds food
threatenedDecreased yields can impact nutrient intake of the poor by decreasing supplies of highly
nutritious crops and by promoting adaptive behaviours that may substitute crops that are resilient but
less nutritiougThompson et al. 2012; Lobell andi e 2010) In Guatemala, food prices and poverty

have been correlated with lower micronutrient intatasnotti et al. 2012)In the developed world,
poverty is more typically associated with caloricalnse but nutrieroor diets, obesity,
overweight, and other related disead@armon and Drewnowski 2015)

Rural areas are especially affected by climate chdbgsgupta et al. 2014}hrough impacts on
agriculturerelated livelihoods andural income(Mendelsohn et al. 200@nd through impacts on
employment.Jessoe teal. (2018)using a 28year panel on individual employment in rural Mexico,
found that years with a high occurrence of heat lead to a reduction in local employment by up to 1.4%
with a medium emissions scenario, particularly for wage work andaronlabour, with impacts on

food access. Without employment opportunities in areas where extreme poverty is prevalent, people
may be forced to migrate, exacerbating potential for ensuing corffis 2018a)

Finally, climate changean affect human health in other ways that interact with foodatidn. In

many parts of the world where agriculture relies still on manual labour, projections are that heat stress
will reduce the hours people can work, and increase their(Eiskne et al. 2013)For example,
Takakura et a{2017) estimates that under RCP8.5, the globadnomic loss from people working
shorter hours to mitigate heat loss may bé 424 of GDP. Furthermore, as discussed\atts et al.

on
or

S e

2018) peoplebds nutritional status interacts with

heal t ht i(ltiheatfivon pil | ar 0 -inge€ure fpeppedaresnmore Uikely toybg :
adversely affected by extreme heat, for example.

In the case of food price hikes, those more vulnerable are more affecteplichi 2010) especially
in urban areagRuel et al. 201Q)where livelihood impacts are particularly severe for the individuals
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and groups that have scarce resources or are socially is(lReeidet al. 2014; Gasper et al. 2011)

(high confidence These people often lack power and access to resources, adequate urban services
and functioning infrastructurés climate events become more frequent and intense, this can increase
the scale and depth of urban povgRpsenzweig et al. 2018d)rban floods and droughts may result

in water contamination increasing the incidentdiarrhoeal illness in poor childrgBartlett 2008)

In the near destruction of New Orleans by Hurricane Katrina, about 40,000 jobs w¢Rnkenberg

2010)

Box 5.1 Gender, food security, and climate change

Differentiated impacts, vulnerability, risk perception, behaviours and coping strategies for ¢limate
change related to food security derive from cultural (gendered) norms, that is, the behaviours, tasks,
andresporisbi | ities a society defines as fAmalep or
resourcegParis and RokRubzen 2018; Aberman and Tirado 2014; Lebel et al. 2014; Bee.2016)
many rural aras women often grow most of the crops for domestic consumption and are primarily
responsible for storing, processing, and preparing food; handling livestock; gathering food, fodder and
fuelwood; managing domestic water supply; and providing most of thmurdator postharvest
activities (FAO 2011a) They are mostly impacted through increased hardship, implications for
household roles, and subsequent organisational responsilfiitetto and McKinnon 2013; Jost et

al. 2016) Water scarcity can particularly affect women because they need to spend more time and
energy to collet water, where they may be more exposed to physical and sexual vi@enumer et
al. 2015; Aipira et al. 2017hey may be forced to use unsafe watethie household increasing risk
of waterborne disease@arikh 2009) Climate change also has differentiated gendered impacts on
livestockholders dod securityyMcKune et al. 2015; Ongoro and Ogara 2012; Fratkin et al. 2004)
(See Supplementary MateriBhble SM5.).

Gender dimensions of thdour pillars

Worldwide, women play a key role in food secuii$yorld Bank 2015xnd the four pillars of food
security have strong gender dimensi¢fisompson 2018)In terms of food availability, women tend
to have less access to productive resources, including land, and thus less capacity to produce food
(Crosschapter boxi1: Gendeiin Chapter 7.

In terms of food access, gendered norms in how food is divided at mealtimes may lead to smaller food
portions f or wo me n -hauseholdgniequity imits théo abdity td gurchasetfopda

limitations also include lack of womenisobility impacting trips to the market and lack of decisipn
making within the househol@®ngoro and Ogara 2012; Mason et al. 2017; Riley and Dodson.20(.4)

In terms of food utilisation, men, women, children and the elderly have different nutritional |needs
(e.g., during pregnancy or bredseding).

In tems of stability, women are more likely to be disproportionately affected by price spikes
(Vellakkal et al. 2015; Arndt et al. 2016; Hossain and Green 2011; Dalrilloand Cogill 2010;
Cohen and Garrett 2010; Kumar and Quisumbing 20&8ause when food is scarce women reduce
food consumption relative to other family members, @lth these norms vary according to age,
ethnicity, culture, region, and social position, as well as by location in rural or urban/ress
Jonsson 2011; Goh 2012; Niehof 2016; Ongoro and Ogara.2012)

Integrating gender into adaptation

Women have their own capabilities to adapt to climate change. In the Pacific Islands, women hold
critical knowledge on where or how to find clean water; which crops to grow in a flood or a drought
season; how to preserve and store food and seeds ahgagla@dching storms, floods or droughts;
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and how to carry their families through the recovery months. They also play a pivotal fole in

managing household finances and investing their savings in education, health, livelihoods, a
activities that assistheir families to adapt and respond to climate efféétipira et al. 2017)
Decreasi ng wotonadapbte thecimpgacscof climate change also decreases that
householdBryan and Behrman 2013)

nd other

of the

However,gender norms and power inequalities also shape the ability of men, women, boys, gjrls and

the elderly to adapt to climate riskRossi and Lambrou 2008[For example, women pastoralists

the Samburu district of Kenya cannot make decis@ffiscting their lives, limiting their adaptive

capacity(Ongoro and Ogara 2012)

Participation in decisiomaking and politics, division of labour, resoe access and control, a
knowledge and skillg§Nelson and Stathers 2008)e some of the barriers to adaptation. Wom

adaptive capacity is also diminished beeath®ir work often goes unrecognisgtho 2005; Nelson

and Stathers 2009Many of womeb activi t i es are not defined as
in national accountéFAO 2011a) Thisnore conomi ¢ st atus of wome

in

nd
en's

fecor
nés ac

are not included in wider discussiomd priorities or interventions for climate change. Their
perspectives and needs are not met; and thus, interventions, information, technologies, and tools

promoted are potentially not relevant, and even can increase discrimif@ttom 2009; Edvardsso
Bjornberg and Hansson 2013; Huynh and Resurreccion 2014)

n

Where gendesensitive policies to climate change may exist, effective implementation in practice of

gender equality and empowerment may not be achieved on the ground due to lack of t
capacity, financial resources and evaluation criteria, as shown in the Pacific IG\ypids et al.
2017) Thus, corresponding institutional frameworks that are -wesiburced, coordinated, a
informed are required, along with adequate technical capacity withergment agencies, NGOs a
project teams, to strength collaboration and promote knowledge staiirg et al. 2017)

Womend empowerment: $§/nergies among adaptation, mitigationand food security

Empowered and valued women in their societies increases their capacity to improve food
under climate change, make substantial contributions to theimmil-being, to that of their familie
and of their communitiegLanger et al. 2015; Ajani et al. 2013; Alston 20{High confidenck
Womenbds empower ment includes economi c, s o
targeting men in integrated agriculture programs to change gender norms and improve (niti
et al. 2016) Empowerment through collective action and greb@sed approachés the neaterm
has the potential to equsdirelationships on the local, national and global s@ilegler et al. 2014)

echnical

nd
nd

security

5

ci al a
bN

Empowered women are crucial to creating effective synergies among adaptation, mitigation, and food

security.

In Western Kenyawidows in their new role as main livelihood providers invested inaswsble

innovations like rainwater harvesting systems and agroforékisycan serve as both adaptation and

mitigation), and worked together in formalised groups of collective ag¢tgabrielsson and Ramas|
2013)to ensure food and water security. Iniddp, wo men & s e mepeficimloutcomedn t
maternal and children nutritiomeducingthe negative effect of low production divers{ifialapit et
al. 2015) Integrated nutrition and agricultural programs have increased véosiecisionmaking
power and control over home gardens in Burkina Hasn den Bold et al. 2015)ith positive
impacts on food security.

ar
had

5.1.4 Food systems in AR5, SR, and the Paris Agreement

Food, and its dationship to the environment and climate change, has grown in prominence since the

Rio Declaration in 1992, where food production is Chapter 14 of Agenda 21, to the Paris Agr
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of 2015, which includes the need to ensure food security under thedholiatate change on its first
page. This growing prominence of food is reflected in recent IPCC reports, including its Fifth
Assessment RepofiPCC 2014apnd the Special Report @lobal Warming ofL..5°C (SR15) (IPCC
2018a)

5.1.4.1 Food systems in AR&nd SRb

The IPCC Working GrougWG) Il AR5 chapter on Food Security and Food Production Systems
broke new ground by expanding its focus beyond the effects of climate change primarily on
agricultural production (crops, livestock and aquaculture) to include a food syapgmoach as well

as directing attention to undernourished ped@pBlarter et al. 2014 However, it focused primarily on

food production systems due to the prevalence of studies on that(Rygier et al. 2017)It
highlighted that a range of potential adaptationomyt exist across all food system activities, not just

in food production, and that benefits from potential innovations in food processing, packaging,
transport, storage, and trade were insufficiently researched at that time.

The IPCCWG Il AR5 chapter o Agriculture, Forestry and Other Land Use (AFOLU) assessed
mitigation potential considering not only the supply, but also the demand side of land uses, by
consideration of changes in diets; it also included food loss and w&stéth et al. 2014)AR5
focused oncrop and livestock activities wiin the farm gateand land use and land use change
dynamics associated with agricultudé.did not take a full food system approach to emissions
estimates that includes processing, transport, storage, and retail.

The IPCCWG Il AR5 Rural Areas chapte(Revi et al. 2014)found that farm houselds in
developing countries are vulnerable to climate change due toeomimmic characteristics and Ron
climate stressors, as well as climate ridiasgupta et al. 2014They also found that a wide range of
onfarm and offfarm climate chage adaptation measures are already being implemented and that the
local social and cultural context played a prominent role in the success or failure of different
adaptation strategies for food security, such as trade, irrigation or diversificationPCTBeWGI|

AR5 Urban Areas chapter found that food security of people living in cities was severely affected by
climate change through reduced supplies, including upbaduced food, and impacts on
infrastructure, as well as a lack of access to food. Bdman dwellers are more vulnerable to rapid
changes of foogrices due to climate change.
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Many climate change response options in IPCC W@nd WG Ill AR5 (IPCC 2014b)address
incremental adaptation or mitigation responses separately rather than being inclusive of more
systemic or transformational changes in npldtifood systems that are largeale, in depth, and

rapid, requiring social, technological, organisational and system resp&wsEnzweig and Solecki

2018; Mapfumo et al. 2017; Termeer et al. 2017)many cases, transformationabalge will require
integration of resilience and mitigation across all parts of the food system including production,
supply chains, social aspects, and dietary choices. Further, these transformationalinhthedgesd
systemneed to encompass linkages @meliorative responses to land degradation (see Chapter 4),
desertification (see Chapter 3), and declines in quality and quantity of water resources throughout the
food-energywater nexus (Chapter Section 5.Y.

The IPCC Special Report oBlobal Warmng of 1.5°C found that climateelated risks to food
security are projected to increase with global warming of 1.5°C and increase further wiiRQEC
2018a)

5.1.4.2 Food systems and the Paris Agreement

To reach the temperatugeal put forward in the Paris Agreement of limiting warming to well below
2°C, and pursuing efforts to limit warming th5°C, representatives from 196 countries signed the
United Nations Framework Convention on Climate Change (UNFCCC) Paris Agre@unNFECC
2015 in December 2015The Agreemenput forward a temperature target of limiting warming to
well below2°C, and pursuing efforts to limit warming to51C. Under the Paris Agreement, Parties
are expected to put forward their best efforts through nationally detedmbntributions (NDCs) and

to strengthen these efforts in the years ah&ditle 2 of the Agreement makegear the agreement is
wi t htheoonfe xt of s ust aiandskhlesactidns sheuldde "me manaer that does
not threaten food produt i ond t o ensure food security.

Many countries have included food systems in their mitigation and adaptation plans as found in their
NDCs for the Paris Agreeme(RRosenzweig et al. 2018aichards et al. (2015nalysed &0 Party
submissions and founthat 103 include agricultural mitigation; of the 113 Parties that include
adaptation in their NDCs, almost all (102) include agriculture among their adaptation priorities. There
is much attention to conventional agricultural practices that can be climatéand sustainable (e.g.,

crop and livestock management), but less to the enabling services that can facilitate uptake (e.qg.,
climate information services, insurance, credit). Considerable finance is needed for agricultural
adaptation and mitigation byast developed countriésin the order of USD 3 billion annually for
adaptation andSD 2 billion annually for mitigation, which may be an underestimate due to a small
sample siz€Richards et al. 201500n the mitigation sidenone of the largest agricultural emitters
included sectespecific contibutions from the agriculture sector in their NDCs, but most included
agriculture in their econorawide targetgRichards et al. 2018)

Carbon dioxide removal (CDRA key aspect mgarding the implementation of measures to achieve

the Paris Agreemengoals involves measures related to carbon dioxide removal (CDR) through
bioenergy (Sections 5.5 and 5.6). To reach the temperature target put forward of limiting warming to
well below?2°C, and pursuing efforts to limit warming 105°C, large investments and abrupt changes

in land use will be required to advance bioenergy with carbon capture and sequestration (BECCS),
afforestation and reforestation (AR), and biochar technologies. Existing scenarios estimate the global
area required foBECCS alone to help limit warming tb5°C in the range of 10990 Mha, most
commonly around 38300 Mha.

Most scenarios assume very rapid deployment between 2030 and 2050, reaching rates of expansion in
land use inl.5°C scenarios exceeding 20 M ha'ywhich are unprecedented for crops and forestry
reported in the FAO database from 1961. Achieving the°C.%arget would thus result in major
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competing demands for land between climate change mitigation and food production, with cascading
impacts on foogecurity.

This chapter assesses how the potential conflict for land could be alleviated by sustainable
intensification to produce food with a lower land footprint (Section 5.6, €Zbspter Box6:
Agricultural intensificatiof. To accomplish this, farmexrgould need to produce the same amount of
food with lower land requirement, which depends on technology, skills, finance, and markets.
Achieving this would also rely on demasitle changes including dietary choices that enable
reduction of the land footprt for food production while still meeting dietary needs. Transitions
required for such transformative changes in food systems are addressed in Section 5.7.

5.1.4.3 Charting the future of food security

This chapter utikes the common framework of the Represév#aConcentration Pathways (RCPs)

and the Shared Soeaconomic Pathways (SSR®opp et al. 2017; Riahi et al. 2017; Doelman et al.
2018)to assess the impacts of future GHG emissions, mitigation measures, and adaptation on food
security (See CrosShapter BoxL: Scenariosn Chapter 1Section 5.2 and 56

New work utilising these scenario approaches has shown that the food system externalises costs onto
human health and the environmdB®pringmann et al. 2018a; Swinburn et al. 2019; Willett et al.
2019) leading to calls fotransforming the food system to deliver better human and sustainability
outcomegqWillett et al. 2019; IAP 2018; Development Initiatives180 Lozano et al. 20185uch a
transformation could be an important lever to address the complex interactions between climate
change and food securityhrough acting on mitigation and adaptation in regard to both food demand
and food supply we assetb®e potential for improvements to both human health and the Su$tainab
Development Goals (Section 5.6).

This chapter builds on the food systems and scenario approaches followed by AR5 and its focus on
climate change and food security, but new work siiR® has extended beyond production to how
climate change interacts with the whole food system. The analysis of climate change and food
insecurity has expanded beyond undernutrition to include the overconsumption of unhealthy mass
produced food high in sugand fat, which also threatens health in different but highly damaging
ways and the role of dietary choices and consumption in greenhouse gas emissions. It focused on
landbased food systems, though highlighting in places the contributions of freshwdtenagsine
production.

The chapter assesses new work on the observed and projected effectscoh€gtrations on the
nutritional quality of crops (Section 5.224 and emphasises the role of extrentienate events
(Section 5.2.8), social aspecticluding gender and equityBéx 51. and Crosghapter Box11:
Genderin Chapter ¥, and dietary choices (Section 5.45%5.9. Other topics with considerable new
literature include impacts osmallholderfarming systemgqSection5.2.2.6, food loss and waste
(SectionError! Reference source not found), and urban and pedrban agriculturéSection5.6.5.

he chapter explores the potential competing demands for land that mitigation measures to achieve
temperature targets may engender, with cascading impadisodnproduction food security and
farming systems (Sectidn6), and the enabling conditions for achieving the mitigation and adaptation
in equitable and sustainable ways (Setto7). Section 5.8 presents challenges to future food
security, including food price spikes, migration, and conflict.
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5.2 Impacts of climate changeon food systems

There are many routes by which climate change can impact food security and thus human health
(Watts et al. 2018; Fanzo et al. 201@ne major route is via climate change affecting the amount of

food, both from direct impacts on yieldSection5.2.2.) and indirect effectghrough climate
changeds i mpact s on water avail abi bR23 andnd g u e
pollination services (Sectidh.2.2.4. Another route is via changingdz in the atmosphere, affecting

biomass and nutritional quality (Sectiét.4.3. Food safety risks during transport and storage can

also be exacerbatdy changing climate (Secti@n24.1).

Further, the direct impacts of changing weather can affect human health through the agricultural
wor kforceds exposur e t o 52)6.10.r Through chamgimg enetabblic r e s (
demands and physiological stress for people exposed to extreme temperatures, there is also the
potential for interactions with food availability: people may require more food to cope, whilst at the

same time being impaid from producing ifWatts et al. 2018)All these factors have the potential to

alter both physical health as well as cultural health, through changing the amount, safety and quality

of food available for individuals within their cultural context.

This sction assesses recent literature on climate change impacts on the four pillars of food security:
availability (Section5.2.2, accesqSection5.2.3, utilisation (Section5.2.4), and stability (Setion

5.2.5. It considers impacts on the food system from climate changes that are already taking place and
how impacts are projected to occur in fluéure. See Supplementary Material Section SM5.2 for
discussion of detection and attribution and improvement in projection methods.

5.2.1 Climate drivers important to food security

Climate drivers relevant to food security and food systems include tempenlaiesl, precipitation

related, and integrated metrics that combine these and other variables. These are projected to affect
many aspects of the food security pilléFO 2018b)see Supplementary Material Tal8#5.2 and

Chapter 6 for assessment of observed and projected climate im@diots)te drivers relevant to food
production and availability may be categed as modal climate changes (e.g., shifts in climate
envelopes causing shifts in cropping varieties pldht seasonal changes (e.g., warming trends
extending growing seasons), extreme events (e.g., high temperatures affecting critical growth periods,
flooding/droughts), and atmospheric conditions (e.g.,,» @Oncentrations, sholived climate
pollutants (SL®s), and dust)Vater resources for food production will be affected through changing
rates of precipitation and evaporation, ground water levels, and dissolved oxygen (Ontent
Blanco et al. 2015; Sepuleféanto et al. 2014; Huntington et al. 2017; Schmidtko et al. 2017)
Potential changes in major modes of climate variability can also have widespread impacts such as
occurred during late 2015 to earl9I6 when a strong El Nifio contributed to regional shifts in
precipitation in the Sahel region. Significant drought across Ethiopia resulted in widespread crop
failure and more than 10 million people in Ethiopia required foodlif. Department of State 2016;
Huntington et al. 2017)seeFigure5.3).
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Figure 5.3 Precipitation anomaly and vegetation response in Eastern Africa. (a) Sep 20Feb 2016
Climate Hazards Group Infrared Precipitation with Station (CHIRPS) precipitation anomaly over Africa
relative to the 1981 2010 average shows that large areas of Ethiopia received less than half of normal
precipitation. Consequently, widespread impacts to agricultural productivity, especially within pastoral
regions, were present across Ethiopia as evidenced by (d) reddagreenness in remote sensing images. (b)
MODIS NDVI anomalies for Sep 2015Feb 2016 relative to 20002015 average are shown for the inset
box in (a). (c) Landsat NDVI anomalies for Sep 2015%-eb 2016 relative to 20002015 average are shown
for the inset bax in (b) (Huntington et al. 2017)

Other variables that affect agricultural production, processing, and/or transport are solar radiation,
wind, humidity, and (in coastal areas) salinisation and storm ¢$hhggahara et al. 2016; Myers et al.
2017) Extreme climate events resulting in inland and coastal flooding, can affect the ability of people
to obtainand prepare foo(Rao et al. 2016; FAO et al. 2018)or direct effects of atmospheric €O
concentrations on crop mig@nt status see Section 5.2.4.2

5.2.1.1 Shortlived climate pollutants
The important role of shefived climate pollutants such as ozone and black carbon is increasingly
emphasised since they affect agricultural production thraligéct effects on crops and indirect
effects on climat¢Emberson et al. 2018; Lal et al. 2017; Burney and Ramanathan 2014; Ghude et al.
2014) (see Chapters 2 and 4). Ozone causes damage to plants through damages to cellular metabolism
that influence leafevel physiology to wholeanopy and roesystem processes and feedbacks; these
impacts affect leafevel photosynthesis senescence eaidbon assimilation, as well as whal@nopy
water and nutrient acquisition and ultimately crop growth and yetdberson et al. 2018)Jsing
atmospheric chemistry andghobal integrated assessment modahuwah et al. (2015)ound that
without a large decrease in air pollutant emissions, high ozone cataentould lead to an increase
in crop damage of up to 20% in agricultural regions in 2050 compared to projections in which
changes in ozone are not accounted for. Higher temperatures are associated with higher ozone
concentrations; C3 crops are sensitiee ozone (e.g., soybeans, wheat, rice, oats, green beans,
peppers, and some types of cottons) and C4 crops are moderately s@Baitihend et al. 2008)

Methane increases surface ozone which augments waintdaged losses and some quantitative
analyses now inade climate, londived (CQO,) and mulitple shotlived pollutants CH,;, Os)
simultaneously(Shindell et al. 2017; Shindell 2016Reduction of tropospheric ozone and black
carbon can avoid premature deaths from outdoor air pollution and increases annual crop yields
(Shindell etal. 2012) These actions plus methane reduction can influence climate on shorter time
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risks of crossing the 2°C threshold and contributes to achievement of the(BBiGss et al. 2017;

Shindell et al. 2017)

5.2.2 Climate change impacts on food availability

Climate change impactsod availability through its effect on the production of food and its storage,

processing, distribution, and exchange.

5.2.2.1 Impacts on crop production

Observed impactsSince AR5, there have been further studies that document impacts of climate

change on croproduction and related variables (See Supplementary Material $8t8e3. There
have been also a few studies that demonstrate a strengthening relationship between observed climate
variables and crop yields that indicate future expected warming will ewvere impacts on crop
production(Mavromatis 2015; Innes et al. 2013t the global scalelizumi et al. (2018)used a
counterfactual analysis and found that climate change betweer20281has decreased glolbadan
yields of maize, wheat, and soybeans by 4.1, 1.8 and 4.5%, respectively, relative to preindustrial
climate, even when CQertilisation and agronomic adjustments are considddedertainties (90%
probability interval) in the yield impacts a@.5 to +.5% for maize,7.5 to +4.3% for wheat, an8.4

to -0.5% for soybeang:or rice, no significant impacts were detected. This study suggests that climate
change has modulated recepields on the global scale and led to production losses, and that

adaptations to date have not been sufficient to offset the negative impacts of climate change,

particularly at lower latitudes

Dryland settlements are perceived as vulnerable to climaagehwith regard to food security,
particularly in developing countries; such areas are known to have low capacities to cope effectively
with decreasing crop yield$Shah et al. 2008; Nellemann et al. 200Bhis is of concern because

drylands constitute
2011)

Australia In Australia, declines in rainfall and rising daily maximum temperatures based on

over

40 %

of

t he &AQdatal.dos

simulations of 50 sites caused waliatited yield potential to decline by 27% from 1990 to 2015,
even though elevated atmospheric,@0ncentrations had a positive eff@diochman et al. 2017)n

New South Wales, higtemperature episodes during the reproduction stage of crop growth were
found to have nemjive effects on wheat yields, with combinations of low rainfall and high
temperatures being the most detrimer{tahes et al. 2015)

Asia. There are namerous studies demonstrating that climate change is affecting agriculture and food

| an

security in Asia. Several studies with remote sensing and statistical data have examined rice areas in
northeastern China, the northernmost region of rice cultivationfaml expansion over various
time periods beginning in the 1980s, with most of the increase occurring afte(L20@ al. 2014;

Wang et al. 2014; Zhang et al. 201R)ce yield increases have also been found over a similaidperio

(Wang et al. 2014)Multiple factors, such as structural asliment, scientific and technological
progress, and government policiedporey with regional warming (1.43°Gn the past century)
(Fenghua et al. 200@jave been put forward as contributing to the observed expanded rice areas and
yield in the regionShi et al. (201Bindicate that there is a partial match between cknwtange

patterns and shifts in extent and location of the.cropping area (200R010).

There have also been documented changesnitemivheat phenology in Northwest Chifde 2015)
Consistent wit this finding, dates of sowing and emergence of spring and winter wheat were delayed,
dates of anthesis and maturity was advanced, and length of reproductive growth period was prolonged
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from 19812011 in a study looking at these crops across Cflinaet al. 2018b) Another study
looking in Norwest China demonstrated that there have been changes in the phenology and
productivity of spring ction (Huang and Ji 2015)A study looking at wheat growth and yield in
different climate zones of Chirfeom 19812009 found that impacts were positive in Northern China
and negative in Southern Chirf@ao et al. 2014) Temperature increasextross the zones while
precipitation changes were not consist@@o et al. 2014)

Crop yield studies focusing on India have found thatming has reduced wheat yields by 5.2% from
1981 to 2009, despite adaptati@upta et al. 2017that maximum daytime temperatures have risen
along with some nightime temperatureglha and Tripathi 207).

Agriculture in Pakistan has also been affected by climate change. From 1980 to 2014, spring maize
growing periods have shifted an average of 4.6 days per decade earlier, while sowing of autumn
maize has been delayed 3.0 days per de@sumas etal. 2017) A similar study with sunflower
showed that increases in mean temperature from 1980 to 2016 were highly correlated with shifts in
sowing, emergence, anthesis, and maturity for fall and spring €Fafg et al. 2018)

Mountain people in the Hindush Himalayan region encompassing parts of Pakistan, India, Nepal,
and China, are particularly vulnerable to food insecurity related to climate change because of poor
infrastructure, limitedaccess to global markets, physical isolation, low productivity, and hazard
exposure, including Glacial Lake Outburst Floods (GLORasul et al. 2019; Rasul 2010; Tiwari

and Joshi 2012; Huddleston et al. 2003; Ward et al. 2013; FAO 2008; Nautiyal et al. 2007; Din et al.
2014) Surveys have kB conducted to determine how climatéated changes have affected food
security (Hussain et al. 2016; Shrestha and Nepal 204if) results showing that the regids
experiencing an increase in extremes, with farmers facing more frequent floods as well as prolonged
droughts with ensuing negative impacts on agricultural yields and increases in food insecurity
(Hussain et al. 2016; Manzoor et al. 2013)

South America In another mountainous region, the Andes, inhabitants are also beginning to
experience changes in thieming, severity, and patterns of the annual weather cycle. Data collected
through participatory workshops, sestiuctured interviews with agronomistand qualitative
fieldwork from 2012 to 2014 suggest that in Colomi, Bolivia climate change is affextipgyields

and causing farmers to alter the timing of planting, their soil management strategies, and the use and
spatial distribution of crop varieti¢Saxena et al. 2016 Argentina, there has also been in increase

in yield variability of maize and soybeafizumi and Ramankutty 2016 hese changes have had
important implications for the agriculture, human health, and biodiversity of the &aaena et al.

2016)

Africa. In recent years, yields of staple crops such as maize, wheat, sorghum, and fruit crops, such as
mangoes, have decreasacross Africa, widening food insecurity gafpetiem et al. 2017)In

Nigeria, there have been rewoof climate change having impacts on the livelihoods of arable crop
farmers(Abiona et al. 2016; Ifeamabi et al. 2016; Onyeneke 2018he Sahel region of Cameroon

has experienced an increasing level of malnutrition, partly due to the impact of aimaatge since

harsh climatic conditions leading to extreme drought have a negative influence on agriculture
(Chalejong 2016)

Utilising farmer interviews in Abia State, Nigeria, researchers found that virtually all responders
agreed that the climate was changing in their gtézanyiobi et al. 2016) With regard to
management responses, a survey of farmers from Anambra State, Nigeria showed that farmers are
adapting to climate change by Wilig such techniques as mixed cropping systems, crop rotation,
fertiliser application(Onyeneke et al.®@.8). In Ebonyi State, Nigerigkze (2017)interviewed 160

women cassava farmers and found the major climate change risks in production to be severity of high
temperature stress, variability ielative humidity, and flood frequency.
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Europe.The impacts of climate change are varied across the contieote and Lobell (2015)
showed that climate trends aadfecting European crop yields, with lotgym temperature and
precipitation trends since 1989 reducing contirveidle wheat and barley yields by 2.5% and 3.8%,
respectively, and having slightly increased maize and sugar beet yields. Though these aggregate
affects appear small, the impacts are not evenly distributed. In cooler regions such as the United
Kingdom and Ireland, the effect of increased warming has been ameliorated by an increase in rainfall.
Warmer regions, such as Southern Europe, have suffevegl from the warming; in Italy this effect

has been amplified by a drying, leading to yield declines of 5% or greater.

Another study examining the impacts of recent climate trends on cereals in Greece showed that crops
are clearly responding to change<limatei and demonstrated via statistical analysis that significant
impacts on wheat and barley production are expected at the end of the-fireentgntury
(Mavromatis 2015)In theCzech Republic, atudy documented positive lottgrm impats of recent
warming on vyields of fruiting vegetables (cucumbers and tomatoes) (from 4.9 to 12% per 1°C
increase in local temperature) but decreases in yield stability of traditionally grown root vegetables in
the warmest areas of the countBotopova et al. 2017)A study in Hungary also indicated the
increasingly negative impacts of temperature on crops and indicated that a warming climate is at least
partially responsible for the stagnation or reduction in crop yields simcenitt1980s in Eastern
Europe(Pinkeand Lévei 2017)

In summary, climate change is already affecting some aspects of food séaigfityconfidence)
Recentstudies in both largecale and smallholder farming systems document declines in crop
productivity related to rising temperaturasd changes in precipitatioBvidence for climate change
impacts (e.g., declines and stagnation in yields, changes in sowing and harvest dates, increased
infestation of pests and diseases, and declining viability of some crop varieties) is emerging from
detection and attribution studies and indigenous and local knowledge in Australia, Europe, Asia,
Africa, North America, and South Americamédium evidence, robust agreement

Projected impactsClimate change effects have been studied on a global scale following a variety of
methodologies that have recently been compéretell and Asseng 2017; Zhao et al. 2017a; Liu et
al. 2016) Approaches to study global and local changes include global gridded crop model
simulations (e.g.(Deryng et al. 2014) pointbased crop model simulations (e.¢Asseng et al.
2015), analysis of poinbased observations in thelfl (e.g.,(Zhao et al. 2016) and temperature

yield regression models (e.gAuffhammer and Schlenker 2034Jor an evaluation of model skills

see e.g.used in AgMIP se#lller et al.(2017hb)

Results fromzhao et al. (2017adcross different methods consistently showed negative temperature
impacts on crop yield at the global scale, generally underpinned by similar impacts at country and site
scalesA limitation of Zhao et al. (20174} that it is based on the assumption that yield responses to
temperature increase are linear, while vyield response differs depending on growing season
temperature levelizumi et al. (2017)showed that the projected global mean yields of maize and
soybean at the end of this century do decrease monotonically with warming, whereas those of rice and
wheat increase with warming and lewét at a warming of about°® (2091 2100 relative to 1850

1900).

Empirical statistical models have been applied widely to different cropping systems, at multiple
scales. Analyses using statistical models for maize and wheat tested with global climate mode
scenarios found that the RCP4.5 scenario reduced the size of average yield impacts, risk of major
slowdowns, and exposure to critical heat extremes compared to RCP8.5 in the latter decades of the
21st century(Tebaldi and Lobell 2018)impacts on crops grown in the tropics are projected to be
more negative than in mido highlatitudes as stated in AR5 and confirmed by recent studies (e.g.,
(Levis et al. 2018) These projected negative effects in the tropics are especially pronounced under
conditions of explicit nitrogen stresBigure5.4) (Rosenzweig et al. 2014)
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GGCMs with explicit N stress

Figure subject to final editing

Figure 5.4 Median yield changes %) for RCP8.5 (20702099 in comparison to 19802010 baseline) with

CO, effects and explicit nitrogen stress over five GCMs x four Global Gridded Crop Models (GGCMs)
for rainfed maize, wheat, rice, and soy (20 ensemble members from EPIC, GEPIC, pDSSAT, and
PEGASUS; except for rice which has 15). Gray areas indicate historical areas with little to no yield
capacity. All models use a 0.5° grid, but there are differences in grid cells simulated to represent

agricultural land. While some models simulated all lad areas, others simulated only potential suitable

cropland area according to evolving climatic conditions; others utibed historical harvested areas in 2000
according to various data sourcegRosenzweig et al. 2014)

Reyer et al. (2017bgxamined biophysical impacts in five world regions under different warming
scenarios 1, 1.5, 2, and 4 °C warmingor the Middle Eastrad Northern Africa region a significant
correlation between crop yield decrease and temperature increase was found, regardless of whether
the effects of CQfertilisation or adaptation measures are taken into acqiaia et al. 2017)For

Latin America and the Caribbean the relationship between temperature and crop yiglesochasa

only significant when the effect of G@ertilisation is considere(Reyer et al. 2017a)

A review of recent scientific literature found that projected yield loss for WeataAftepends on the
degree of wetter or drier conditions and elevated €@centrationgSultan and Gaetani 2016aye

et al. (2018b)n a crop modelling study with RCPs 4.5 and 8.5 found that climate change could have
limited effects on peanut yigin Senegal due to the effect of elevated, €ahcentrations.

Crop productivity changes fat.5°C and 2.0°CThe IPCC Special Report dalobal Warming of
1.5°C found that climateelated risks to food security are projected to increase with global wgarmin
of 1.5°C and increase further with 2{@CC 2018b) These findings are based among others on
Schleussner et al. (2018 o0senzweig et al. (20188 etts et al. (2018Parkes et al. (201&ndFaye

et al. (2018a)The importance of assumptions about,@tili sation wasfound to be significant by
Ren et al. (2018ndTebaldi and Lobell (2018)

AgMIP coordinated global and regional assessment (CGRA) results confirm that at the global scale,
there are mixed results of positive and negative changes in simulated wheat and maize yields, with
declines in some breadbasket regions, at both 1.5°C an@ PRibsenzwel et al. 2018a)In
conjunction with price changes from the global economics models, productivity declines in the
Punjab, Pakistan resulted in an increase in vulnerable households and povéRgsatezweig et al.
2018a)

Crop suitability. Another method of asssing the effects of climate change on crop vyields that
combined observations of current maximattainable yield with climate analogues also found strong
reductions in attainable yields across a large fraction of current cropland byPa@fivet al. 2016)
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However, the study found the projected total land area in 2050, including regions not currehtly use
for crops, climatically suitable for a high attainable yield similar to today. This indicates that large
shifts in landuse patterns and crop choice will likely be necessary to sustain production growth and
keep pace with current trajectories of demand.

Fruits and vegetabledJnderstanding the full range of climate impacts on fruits and vegetables is
important for projecting future food security, especially related to dietary diversity and healthy diets
However,studies for vegetables are very limit@isbis et al. 2018)Of the 174 studies considered in

a recent review only 14 described results of field or greenhouse experiments studying impacts of
increased tempemates on yields of different root and leafy vegetables, tomatoes and legumes
(Scheelbeek et al. 2018ishis et al. (2018jound similar effets for vegetables as have been found

for grain crops, that is, the effect of increased, 6@ vegetables is mostly beneficial for production,

but may alter internal product quality, or result in photosynthetic degulation. Heat stress reduces

fruit set of fruiting vegetables, and speeds up development of annual vegetables, shortening their time
for photoassimilation. Yield losses and impaired product quality result, thereby increasing food loss
and waste. On the other hand, a longer growing seasoio dvermer temperatures enables a greater
number of plantings and can contribute to greater annual yields. However, some vegetables, such as
cauliflower and asparagus, need a period of cold accumulation to produce a harvest and warmer
winters may not proviel those requirements.

For vegetables growing in higher baseline temperatures (>20°C), mean yield declines caused by 4°C
warming were 31.5%; for vegetables growing in cooler environments (</= 20°C), yield declines
caused by 4°C were much less, on the ooder5% (Scheelbeekteal. 2018) Rippke et al. (2016)

found that 3D60% of the common bean growing area anti4P@o of the banana growing areas in
Africa will lose viability in 20782098 with a global temperature increase of 2.6°C and 4°C
respectively.Tripathi et al. (2016¥ound fruits and vegetable production to be highly vulnerable to
climate change at their reproductive stages and also due to potential for greater disease pressure.

In summary, studies assessiad that climate change will increasingly be detrimental to crop
productivity as levels of warming progrefsgh confidence)impacts will vary depending on GO
concentrations, fertility levels, and region. Productivity of major commodity crops assvetlops

such as millet and sorghum yields will be affected. Studies on fruits and vegetables find similar
effects to those projected for grain crops in regard to temperature andffé@s. Total land area
climatically suitable for high attainable yielohcluding regions not currently used for crops, will be
similar in 2050 to today.

5.2.2.2 Impacts on livestock production systems

Livestock systems are impacted by climate change mainly through increasing tempeaatures
precipitation variation, as well as atspheric carbon dioxide (GPconcentration and a combination

of these factors. Temperature affects most of the critical factors of livestock production, such as water
availability, animal production and reproduction, and animal health (mostly throughstnesdt)
(Figure 5.5). Livestock diseases are mostly affected by increases in temperature and precipitation
variation (RojasDowning et al. 2017) Impacts of climate change on livestock productivity,
particularly of mixed and extensive systems, are strongly linked to impactangelands and
pastures, which include the effects of increasd@ on their biomass and nutritional quality. This is
critical considering the very large areas concerned and the number of vulnerable people affected
(Steinfeld 2010; Morton 2007Pasture quality and quantity are mainly affected thrangteases in
temperature an@0,, and precipitation variation.
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Impacts of Climate Change on Livestock Water
Increase water consumption 2 to 3 times

Forage
Decrease nutrient availability
Increase herbage growth on C4 species
Decrease feed intake and efficiency of feed conversion

Production
High producing dairy cows decrease milk production
Meat production in ruminants decreases

Diseases Forage
Forage Forage
Reproduction an%:eases: L d <

i . - Pathogens ong dry seasons decrease:
Changes in herbage growth Dfecrease:s repr?jduct:it)n s Paragftes i
Decreases forage quality Affect composition of pasture by: ©' COWS: PIgs, and poultry - Disease spreading - Forage growth

- Shifting of seasonal pattern Rt - Disease transmission - Biodiversity

Positive effects on plants: - Changing optimal growth rate erfcien pon e - New diseases
_ Partial stomata closure - Changing availability of water (& - Qutbreak of severe disease
- Reduce transpiration - Spreading of vector-borne Floods change:
- Improve water-use efficiency diseases - Form & structure of roots

Health - Leaf growth rate
May induce high mortality in grazing cattle
New diseases may affect livestock immunity
Prolonged high temperature may affect livestock health

Increase of CO2 Increase of Temperature Precipitation variation

Figure 5.5 Impacts of climate change on livestockbased on(Rojas-Downing et al. 2017)

Among livestock systems, pastoral systems are particularly vulnerable to climate (basgépta et

al. 2014)(see Sectiorb.2.2.6for impacts on smallholder systems that combinestock and crops
Industrial systems will suffer most from indirect impacts leading to rises in the costs of water,
feeding, housig, transport and the destruction of infrastructure due to extreme events, as well as an
increasing volatility of the price of feedstuff which increases the level of uncertainty in production
(RiveraFerre et al. 2016b; LopézGelats 2014)Mixed systems and indusdtior landless livestock
systems could encounter several risk factors mainly due to the variability of grain availability and
cost, and low adaptability of animal genotygeardone et al. 2010)

Considering the diverse typologies of animal production, from grazing to induBinrakaFerre et

al. (2016b)distinguished impacts of climate change on livestock between those related to extreme
events and those related to more gradual changes in the average of-rdiatate variables.
Consideringvulnerabilities, they grouped the impacts as those impacting the animal directly, such as
heat and cold stress, water stress, physical damage during extremes; and others impacting their
environment, such as maodification in the geographical distributimeactbrborne diseases, location,
guality and quantity of feed and water and destruction of livestock farming infrastructures.

With severe negative impacts due to drought and high frequency of extreme #heatserage gain

of productivity might be cargtled by the volatility induced by increasing variability in the weather.
For instance, semiarid and arid pasture will likely have reduced livestock productivity, while
nutritional quality will be affected by CQertilisation(Schmidhuber and Tubiello 2007)

Observed impactdastoralism is practiced in more than 75% of countries by between 200 and 500
million people, including nomadic communities, transhumant herders, andpasparalists
(McGahey et al. 2014)Observed impacts in pastoral systems reported in the literature include
decreasing rangelands, decreasing mobility, decreasing livestock number, poor animal health,
overgrazing, land degradation, decreasimgdpctivity, decreasing access to water and feed, and
increasing conflicts for the access to pasture lhrighezi-Gelats et al. 2016; Batima et al. 2008;
Njiru 2012; Fjelde andvon Uexkull 2012; Raleigh and Kniveton 2012; Egeru 20{&pgh
confidencég

Pastoral systems in different regions have been affected differently. For instance, in China changes in
precipitation were a more important factor in nomadic migration thapeasature(Pei and Zhang
2014) There is some evidence that recent years have already seen an increase in grassland fires in
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parts of China and tropical As{#CC 2012) In Mongolia, grassland productivity has declined by
20-30% over the latter half of the &entrury, and ewe average weight reduced kg dn an annual

basis, or about® since 198 (Batima et al. 2008)Substantial decline in cattle herd sizes can be due

to increased mortality and forced -ofike (Megersa et al. 2014)mportant but less studied is the
impact of the interaction of grazing patterns with climate change on grassland comp(&itiooe et

al. 2014)showed that climate change effects on Mongolia mountain steppe could be contingent on
land use.

Conflicts due to resource scarcity (as well as other gualitical factors(Benjaminsen et al. 2012)
aggravated by climate change has differentiated impact on women. In Turkana,-Headgd
housdnolds have lower access to decisimaking on resource use and allocation, investment and
planning(Omolo 2011)increasing theivulnerability (Section 5.1,35ender Box in Chapter 7).

Non-climate drivers add vulnerability of pastoral systems to climasngh(McKune and Silva

2013) For instance, during environmental disasters, livestock holders have been shown to be more
vulnerable to food isecurity than their creproducing counterparts because of limited economic
access to food and unfavorable marethange rate@Nori et al. 2005) Sami reindeers in Finland
showed reduced freedom of actionresponse to climate change due to loss of habitat, increased
predation, and presence of econoanid legal constraintg§Yyler et al. 2007; Pape and Loffler 2012)

In Tibet, emergency aid has provided shelters andatised communally owned rangeland, which
have increased the vulnerability of pastoralists to climate chiafedeet al. 2014; Naess 2013)

Projected impactsThe impacts of climate change on global rangelands and livestock have received
comparatively less attention than the impacts on crop production. Projected impacts on grazing
systens include changes in herbage growth (due to changes in atmosplerioncentrations and

rainfall and temperature regimes) and changes in the composition of pastures and in herbage quality,
as well as direct impacts on livesto@errero et al. 2016b)Droughts and high temperatures in
grasslands can also be a predisposing factor for fire occurfi®¥@e 2012)

Net primary productivity, soil organic carbon, and length of growing periddere are large
uncertainties related to grasslands and grazing |8ads et al. 2016)especially in regard to net
primary productivity (NPP)Fetzel et al. 2017; Chen et al. 201Bpone et al. (2017¢stimated that

the mean global annual net primary production (NPP) in rangelands may decline by 18y &im

2050 under RCP 8.%ut herbaceous NPP is likely to increase slightly (i.e., average of 3 gy€'n

(Figure 5.6). Results of a similar magnitude were obtainedHaylik et al.(2015) using EPIC and
LPJmL on a global bas{®ojasDowning et al. 2017)According toRojasDowning et al. (2017)an
increase of 2°C is estimate to negatively impact pasture and livestock production in arid and semiarid
regions and positively impact humid temperate regions.

Boone et al. (2017igentified significant regional herogeneity in responses, with large increases in
annual productivity projected in northern regions (e.g., a 21% increase in productivity in the US and
Canada) and large declines in western Afrig®% in subSaharan western Africa) and Australia (
17%). Regarding the length of growing period (LGP, average number of growing days per year)
(Herrero et al. 2016bprojected reductions in the lower latitudes due to changesirifall patterns

and increases in temperatures, which indicate increasing limitations of water. They identified 35°C as
a critical threshold for rangeland vegetation and heat tolerance in some livestock species.
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Figure subject to final editing

Figure 5.6 Ensemble simulation results for projected annual net primary productivity of rangelands as
simulated in 2000 (top) and their change in 2050 (bottom) under emissions scenario RCP 8.5, with plant
responseenhanced byCO, fertilisation. Results from RCP 4.5 and 8.5, with and without positive effects

of atmospheric CO, on plant production, differed considerably in magnitude but had similar spatial
patterns, and so results from RCP 8.5 with increasing productin are portrayed spatially here and in
other figures. Scale bar labels and the stretch applied to colors are based on the spatial mean value plus
or minus two standard deviations(Boone et al. 2017)

Rangeland compositioccording to Boone et a2017) the composition of rangelands is projected

to change as well (see Chapter 3). Bare ground cover is projected to increase, averaging 2.4% across
rangelandswith increases projected for the eastern Great Plains, eastern Australia, parts of southern
Africa, and the southern Tibetan Plateau. Herbaceous cover declines are projected in the Tibetan
Plateau, the eastern Great Plains, and scattered parts of tierSddemisphere. Shrub cover is
projected to decline in eastern Australia, parts of southern Africa, the Middle East, the Tibetan
Plateau, and the eastern Great Plains. Shrub cover could also increase in much of the Arctic and some
parts of Africa. In mesi and semarid savannahs south of the Sahara, both shrub and tree cover are
projected to increase, albeit at lower productivity and standing biofRasgielands in western and
southwestern parts of the Isfahan province in Iran were found to be moreabldner future drying

warming conditiongSaki et al. 2018; Jaberalansar et al. 2017)

Soil degradation and expanding woody cover suggest that cliregetatiorsoil feedbacks
catalysing shifts toward less productiymssibly stable stat¢Ravi et al. 2010jnay threaten mesic

and semarid savannahs south of the Sahara (see Chapter 3 and 4). This will also change their
suitability for grazing different animal species; switches from cattle, which mainly consume
herbaceous plantt goats or camels are likely to occur as increases in shrubland occur.

Direct and indirecteffects on livestockDirect impacts of climate change in mixed and extensive
production systems are linked to increased water and temperature stress on the potengally
leading to animal morbidity, mortality and distress sales. Most livestock species have comfort zones
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between 18Ci30°C, and at temperatures above this animals reduce their feed iritake [@er
additional degree of temperatufRC 1981) In addition to reducing animal production, higher
temperatures negatively affect fertilifiLPE 2012)

Indirect impacts to mixed and extensive systems are mostly related to the impacts on the feed base,
whether pastures or cropgalling to increased variability and sometimes reductions in availability
and quality of the feed for the animalRiveraFerre et al. 2016b)Reduced drage quality can
increaseCH, emissiors per unit of gross energy consumbttreased risk of animal diseases is also

an important impact to all production syste(B&t et al. 2017) These depend on the geographical
region, land use type, disease characteristics, and animal suscegiilibtyton et al. 2009)Also
important is the interaction of grazing intensity with climate chaRgeiffer et al. (2019stimated

that in a scenario of mean annual precipitation below 500 mm inegegsazing intensity reduced
rangeland productivity and increased annual grass abundance.

Pastoral systemdn Kenya, some 1.8 million extra cattle could be lost by 2030 because of increased
drought frequency, the value of the lost animals and produfitimyone amounting to WS 630

million (Herrero et al. 2010Martin et al. (2014pssessed impacts of changprgcipitation regimes

to identify limits of tolerance beyond which pastoral livelihoods could not be secured and found that
reduced mean annual precipitation had always negative effects as opposed to increased rainfall
variability. Similarly, Martin et al. (2016¥ound that drought effects on pastoralists in High Atlas in
Morocco depended on dome needs and mobility optior(see Section5.2.2.6 for additional
information about impacts on smallholder farmers)

In summary,observed impacts in pastoral systems include changes in pasbdrectprity, lower
animal growth rates and productivity, damaged reproductive functions, increased pests and diseases,
and loss of biodiversitghigh confidenck Livestock systems are projected to be adversely affected by
rising temperatures, depending tme extent of changes in pasture and feed quality, spread of
diseases, and water resource availabiliiglf confidenck Impacts will differ for different livestock
systems and for different regionbigh confidence Vulnerability of pastoral systems wimate
change is very highhigh confidencg and nixed systems and industrial or landless livestock systems
could encounter several risk factors mainly due to variability of grain availability and cost, and low
adaptability of animal genotypeBastorakystem vulnerability igxacerbated by neclimate factors

(land tenure issues, sedergation programs, changes in traditional institutions, invasive species, lack
of markets, and conflictshigh confidence

5.2.2.3 Impacts on pests and diseases
Climate change is changing the dynamics of pests and diseases of both crops and livestock. The
nature and magnitude of future changes is likely to depend on locat@gamical and management
context. This is because of the many biological and ecologieahanisms by which climate change
can affect the distribution, population size, and impacts of pests and diseases on food production
(Canto et al. 2009; Gale et al. 2009; ThomsonleR@l10; Pangga et al. 2011; Juroszek and von
Tiedemann 2013; Bett et al. 2017)

These mechanisms include changes in host susceptibility due tedb€entration effects on crop
composition and climate stresses; changes in the biology of pests and diseases or their vectors (e.g.,
more generational cycles, changes in selection pressure driving evolution); mismatches in timing
between pests or vectoassn d t heir o6natur al enemi eso6; changes
disease pathogens (e.g., changes in crop architecture driven pye@isation and increased
temperature, providing a more favourable environment for persistence of pathagefusdji), and
changes in pest distributions as their fAcli mate
and their vectors, as well as plant, invertebrate and vertebrate(patttam et al. 2015)
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Furthermore, changes in diseases and their management, as well as changing habitat suitability for
pests and diseases in the matrix surrounding agricultural fields, have the ability to reduce or
exacerbate impaci{8ebber 2015)For example, changes in water storage and irrigation to adapt to
rainfall variation have the potential to enhance disease vector populations and disease occurrence
(Bett et al. 2017)

There isrobust evidencéhat pests and diseases have already responded to climate (Beiviger et

al. 2014) and many studies have now built predictive models based on current incidence of pests,
diseases or vectors that indicate how they may respond in fetgrgCaminade et al. 2015; Kim et

al. 2015; Kim and Cho 2016; Samy and Peterson 2016; Yan et al.)2Wi&fyen et al. (2018)
estimate that about 50% of insects, which are often pests or disease vectors, will change ranges by
about 50% by 2100 under current GHG emissions trajectories. These changes will leaddssep |

due to changes in insect pefiieutsch et al. 2018nd weed pressuiZiska et al. 208), and thus

affect pest and disease management at the farm(\&\aelszak et al. 2018)For exampleSamy and
Peterson (2016inodelled Blugtongue virus (BTV), which is spread by biti@ulicodesmidges,

finding that the distribution of BTV is likely to be extended, particularly in central Africa, the US, and
western Russia.

There is some evidencenédium confidengethat exposure will, on average, incregBebber and

Gurr 2015; Yan et al. 2017although therare a few examples where changing stresses may limit the

range of a vector. There is also a general expectation that perturbations may increase the likelihood of
pest and disease outbreaks by disturbing processes that may currently be at sormuijbasim

(Canto et al. 2009; Thomson et al. 2010; Pangga et al. 28bdever, in some places, and for some
diseases,isks may decrease as well as increase (e.g., drying out may reduce the ability of fungi to
survive)(Kim et al. 2015; Skelsey and Newton 2015) or Ts et s e f | y(besblamclken g e ma
et al. 2008; Thornton et al. 2009)

Pests, diseases, and tars for both crop and livestock diseases are likely to be altered by climate
change Hfigh confidence Such changes are likely to depend on specifics of the local context,
including management, but perturbed agroecosystems are more likely, on thegretiodls, to be
subject to pest and disease outbredtw Confidenck Whilst specific changes in pest and disease
pressure will vary with geography, farming system, pest/pathogenreasing in some situations
decreasing in othefisthere is robust evidee, withhigh agreementthat pest and disease pressures
are likely to change; such uncertainty requires robust strategies for pest and disease mitigation.

5.2.2.4 Impacts on pollinators
Pollinators play a key role on food security globdlyaribaldi et al. 2016)Pollinatordependent
crops contribute up to 35% of global crop production volume and are important contributors to
healthy human diets and nutritighfPBES 2016) On a global basis, some 1500 crops require
pollination (typicaly by insects, birds and batélein et al. 2007) Their importance to nutritional
security is therefore perhaps undated by valuation methodologies, which, nonetheless, include
estimates of the global value of pollination seed at over US225 billion (2010 prices{Hanley et
al. 2015) As with other ecosystem processes affected by climate change (e.g., changes angest
diseases), how complex systems respond is highly cedégendent. Thus, predicting the effects of
climate on pollination services is difficulfTylianakis et al. 2008; Schweiger et 2010) and
uncertain, although there limited evidencehat impacts are occurring already (Secto®.2.4, and
medium evidencinat there willbe an effect.

Pollination services arise from a mutualistic interaction between an animal and aldoh can be
di srupted by <climatebds i nidennatstal.o2007)dDisreptiom cant he ot

A

occur through changes in speciesd r(Settaleecesal. or by
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2016). For example, if plant development responds to different cues (e.g., day length) from insects
(e.g., temperature), the emergence of insects may not match the flowering times of the plants, causing
a reduction in pollination. Climate change will affepollinator ranges depending on species; life
history, dispersal ability and locatiolVarren et al. (2018gstimate that under &2°C warming
scenario, the existing range of about 49% of insects will be reduced by half by 2100, suggesting either
significant range changes (if dispersal occurs) or extinctions (if it does not). However, in principle,
ecosystem changes caused by irmasiin some cases, could compensate for the decoupling
generated between native pollinators and pollinated sp@ubsveiger et al. 2010)

Other impacts include changes in distribution and virulence of pathogens affecting pollinators, such as
the fungusNosema ceranavhich can develop at a higher temperature range than theileEnt
Nosema apisincreased mortality of pollinators due to higher frequency of extreme weather events;
food shortage for pollinators due to reduction of flowering lengthiatghsity; and aggravation of

other threats, such as habitat loss and fragment@&ionzalezVaro et al. 2013; Goulson et al. 2015;

Le Conte and Navajas 2008; Menzel et al. 2006; Walther et al. 2009; IPBES, Pldd@crease in
atmospheric C®is also reducing the protein content of pollenhwibtential impact on pollination
population biologyZiska & al. 2016)

In summary, as with other complex agroecosystem processes affected by climate change (e.g.,
changes in pests and diseases), how pollination services respond will be highly-depéextent.

Thus, predicting the effects of climate on pation services is difficult and uncertain, although there

is medium evidenciat there will be an effect.

5.2.2.5 Impacts on aquaculture

This report focuses on lafdthsed aquaculture; for assessment of impacts on marine fisheries both
natural and farmed seket IPCC Special Repooh the Ocean and Cryosphere in a Changing Climate
(SROCC, forthcoming).

Aquaculture will be affected by both direct and indirect climate change drivers, both in the short and
the longterm. Barange et al. (2018)rovides some examples of shtatm loss of production or
infrastructure due to extreme events such as floods, increededfrdiseases, toxic algae and
parasites; and decreased productivity due to suboptimal farming conditions; astdrianignpacts

may include scarcity of wild seed, limited access to freshwater for farming due to reduced
precipitation, limited access tedds from marine and terrestrial sources, decreased productivity due
to suboptimal farming conditions, eutrophication and other perturbations.

FAO (2014a)assessed the vulnerability of aquaculture stakeholders telinsate change drivers

which add to climate change hazards. Vulnerability arises from discrimination in access to inputs and
decisionmaking; conflicts; infrastruce damage; and dependence on global markets and
international pressures. Other adimate drivers identified bicClanahan et al. (2015vhich add
vulnerability to fisheries for food security include: declinfirghery resources; a NoitBouth divide

in investment; changing consumption patterns; increasing reliance on fishery resources for coastal
communities; and inescapable poverty traps creating by low net resource productivity and few
alternatives. In areas hgre vulnerability to climate change is heightened, increased exposure to
climate change variables and impacts is likely to exacerbate current inequalities in the societies
concerned, penaling further already disadvantaged groups such as migrant fighgrd.ake Chad)

or women (e.g. empl oyeegqFADRBOIL@hi | eds processing

In many countries the projected declinesocour across both marine fisie and agricultural crops
(Blanchard et al. 2017)both of which will impact the aquaculture and livestock sect&ese (
Supplementary MateriaFigure SM5.1). Countries with low Human Development Index, trade
opportunities and aquaculture technologies are likely to face greater challenges. Thesectooas
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impacts point to the need for a more holistic account of the-cotemected vulnerabilities of food
systems to climate and global change.

5.2.2.6 Impacts on mallholder farming systems

New work has developed farming system approaches that take into account both biophysical and
economic processes affected by climate change and multiple activities. Farm households in the
developing world often rely on a complexmof crops, livestock, aquaculture, and regricultural
activities for their livelihoodqdRosenzweig and Hillel 2015; Antle et al. 2018)ross the world,
smallholder farmers are considered to be disproportionately vulnerable to climate change because
changes in tempenae, rainfall and the frequency or intensity of extreme weather events directly

affect their crop and ani mal productivity as wel

being(Vignola et al. 2015; Harvey et al. 20145or examle, smallholder farmers in the Philippines,
whose survival and livelihood largely depend on the environment, constantly face risks and bear the
impacts of the changing climagBeria et al. 2016)

Smallholder farming systems have been recognised as highly vulnerable to climate change (Morton,
2007) because they are highly dependent on agriculture and livestdkkifdivelihood(Dasgupta et

al. 2014) (high confidence In Zimbawe, farmers were found vulnerable due to their marginal
location, low levels of technology, and lack of other essential farming resources. Farmers observed
high frequency and sevity of drought, excessive precipitation, drying up of rivers, dams and wells,
and changes in timing and pattern of seasons as evidence of climate change, and indicated that
prolonged wet, hot, and dry weather conditions resulted in crop damage, ddatstoick, soil

erosion, bush fires, poor plant germination, pests, lower incomes, and deterioration of infrastructure
(Mutekwa 2009)

In Madagascartarvey et al. (2014byondicted surveyed 600 small farmers and found that chronic
food insecurity, physical isolation and lack of access to formal safety nets increased Malagasy
farmersd vulnerability to any shocks to their
Chitwan, Nepal, occurrence of extreme events and increased variability in temperature has increased
the vulnerability of crops to biotic and abiotic stresses and altered the timing of agricultural
operations; thereby affecting crop product{®audel et al. 2014)n Lesotho, a study on subsistence
farming found that food crops were the most vulnerable to weather, followed by soil and livestock.
Climate variables of major concern were hail, drought and dry spells which reduced crop yields. In

the Peruvean AltiplanSietz et al. (2012 val uat e small hol dersd vul ner a

with regard to food security and found the relevance of reesoscarcity (livestock, land area),
diversification of activities (lack of alternative income, education deprivation) and income restrictions
(harvest failure risk) in shaping vulnerability of smallholders. See Seétid2.6 for observed
impacts on smallholder pastoral systems.

Projected impactsBy including regional economic models, integrated methods take into account the
potential for yield declinet raise prices and thus livelihoods (up to a certain point) in some climate
change scenarios. Regional economic models of farming systems can be used to examine the potential
for switching to other crops and livestock, as well as the role thafamonincome can play in
adaptation(Valdivia et al. 2015; Antle et al. 2015pn the other hand, lost income for smallholders

from climate changeelated declines, for example in coffee production, can decrease their food
security(Hannah et al. 2017)

Farming system methods developed by AgMIP have been used in regional integrated assessments in
SubSaharan AfricaKihara etal. 2015) West Africa(Adiku et al. 2015) East Africa(Rao et al.
2015) South Africa(Beletse et al. 20157imbabwe(Masikati et al. 2015)South AsigMcDermid et
al. 2015) Pakistan/Ahmad et al. 2015)the IndeGangetic Basir{Subash et al. 2015Yamil Nadu
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(Ponnusamy et al. 201%nd Sri lanka (Zubair et al. 2015)The assessments found that climate
change adds pressure to smallholder farmers acrosS&#van Africa and South Asia, with were

and losers within each area studi@dmperatures are expected to increase in all locations, and rainfall
decreases are projected for the western portion of West Africa and Southern Africa, while increases in
rainfall are projected for eastern Westiddr and all study regions of South Asia. The studies project
that climate change will lead to yield decreases in most study regions except South India and areas in
central Kenya, as detrimental temperature effects overcome the positive effects ®h&® studies
useAgMIP representative agricultural pathways (RAPS) as a way to involve stakeholders in regional
planning and climate resilien¢¥aldivia et al. 2015)RAPs are consistent with and complement the
RCP/SSP approaches for use in agricultural model intercomparisons, improvement, and impact
assessments

New methods have been developed for improving analysis of climate change impacts and adaptation
options for the livestock component of smallholder farming systems in Zimb@egeheemaeker et

al. 2018) These methods utiid disaggregated climate scenarios, as well as differentiating farms
with larger stocking rates compared to less densely stocked farms. Bygrdigaing climate
scenarios, impacts, and smallholder farmer attributes, such assessments can more effectively inform
decisionmaking towards climate change adaptation.

In Central Asia, a study using the toonomic farm model (BEFM) found large differescin
projected climate change impact ranging from positive income gains indeatge commercial farms

in contrast to negative impacts in sradhle farmgBobojonov and AwHassan 2014)Negative
impacts may & exacerbated if irrigation water availability declines due to climate change and
increased water demand in upstream regibm#ran, changes in rainfall and water endowments are
projected to significantly impact crop yield and water requirements, assvalcome and welfare of
farm families(Karimi et al. 2018)

Climate change impacts on food, feed and cash crops other than cereals, often grown in smallholder
systems or family farms are less often studied, although impacts can be substantial. For example,
areas suitdb for growing coffee are expected to decrease by 21% in Ethiopia with global warming of
2.4°C (Moat et al. 2017)and more than 90% in Nicarag(zéderach et al. 201&yith 2.2°C local
temperature increase.

Climate change can modify the relationship between crops and livestock in the landscape, affecting
mixed croplivestock systersin many places. Where crop production will become marginal, livestock
may provide an alternative to cropping. Such transitions could occur in up to 3% of the total area of
Africa, largely as a result of increases in the probability of season failure idrier mixed craip
livestock systems of the contingfithornton et al. 2014)

In Mexico, subsisterecagriculture is expected to be the most vulnerable to climate change, due to its
intermittent production and reliance on maize and b@dosterroso et al. 2014Dverall, a decrease

in suitability and yield is expected in Mexico and Central America for beans, coffee, maize, plantain
and rice(Donatti et al. 2018)Municipalities with a high proportional area under subsistenggs in

Central America tend to have less resources to promote innovation and action for adaptation
(Bouroncle et al. 2017)

In summary, smallholder farmers are especially vulnertabtémate change because their livelihoods
often depend primarily on agriculture. Further, smallholder farmers often suffer from chronic food
insecurity figh confidence Climate change is projected to exacerbate risks of pests and diseases and
extremeweather events in smallholder farming systems.
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5.2.3 Climate change impacts on access

Access to food involves the ability to obtain food, including the ability to purchase food at affordable
prices.

5.2.3.1 Impacts on prices and risk of hunger

A protocotbasedanalysisbased onAgMIP methodstested a combination of RCPs and SSPs to
provide a range of projections for prices, risk of hunger, and land use chaggee (6.7 and
Supplementary Materialable SM5.4) (Hasegawa et al. 2018Previous studies have found that
decreased agricultural productivity will depress agricultural supply, leading to price inci2esgite
different economic models with various representations of the global food sfiéséimet al. 2014;
Robinson et al. 2014; Nelson et al. 2013; Schmitz et al. 28%4¥ell as having represented the SSPs

in different ways (ie., technological change, lande policies, sustainable diets, €8tehfest et al.

2019; Hasegawa et al. 20)18)he ensemble of participating modei®jected a 29% cereal price
increase in 2050 across SSPs 1, 2, and 3 due to climate change (RCP 6.0), which would impact
consumers globally through higher food prices; regiceffects will vary. Themedian cereal price
increasenvas 7%, given current projections of demand. In all cases (across SSPs and global economic
models), prices are projected to increase for rice and coarse grains, with only one instance of a price
decline ¢1%) observed for wheat in SSP1, with price increases projected in all other cases- Animal
sourced foods (ASFs) are also projected to see price incre&sgd(t the range of projected price
changes are about half those of cereals, highlightingttigatlimate impacts on ASFs is indirect
through the cost and availability of feed, and that there is significant scope for feed substitution within
the livestock sector.
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Figure 5.7. Implications of climate change by 2050 on landse, selected agriculttal commodity prices,
and the population at risk of hunger based on AgMIP Global Economic Model analysis. (A) Projectéd
change in landuse by 2050 by land type (cropland, grassland, and forest) and SSP. (B) Projectéd
changes in average world prices bg050 for cereals (rice, wheat, and coarse grains) and animal sourced
foods (ruminant meat, monogastric, and dairy) by SSP. (C) Percentage change by 2050 in the global
population at risk of hunger by S°.

Declining food availability caused by climate chanigelikely to lead to increasing food cost
impacting consumers globally through higher prices and reduced purchasing power, vititbome
consumers particularly at risk from higher food prigdsison et al. 2010; Springmann et al. 2016a;
Nelson et al. 2018)Higher prices depress consumer demand, which in turn will not only reduce
energy intake (calories) global{fjHasegawa et al. 2015; Nelson et al. 2010; Springmann et al. 2016a;
Hasegawa et al. 2018put will also likely lead to less healthy diets with lower availability of key
micronutrients(Nelson et al. 2018xand increase dietlated mortality in lower and middincome
countries(Springmann et al. 2016aJhese changes will slow progress todgathe eradication of
malnutrition in all its forms.

The extent that reduced energy intake leads to a heightened risk of hunger varies by global economic
model. However, all models project an increase in the risk of hunger, with the median projeation of a
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increase in the population at risk of insufficient energy intake by 6, 14, a¥dii 2050 for SSPs 1,
2 and 3 respectively compared to a no climate change reference scenarimedianpercentage
increase would be the equivalent of 8, 24, and 80ami(full range 1183 million) additional people
at risk of hunger due to climate char{glasegawa et al. 2018)

5.2.3.2 Impacts on land use
Climate change is likely to lead to changes in land use gloffd#ison et al. 2014; Schmitz et al.
2014; Wiebe et al. 2015Hasegawa et al. (2018pund that @clining agricultural productivity
broadly leads to the need for additional cropland, with 7 of 8 models projecting increasingccroplan
and the median increase by 2050 projected across all modef% cbthpared to a no climate change
referencgFigure5.7). Not all regions will respond to climate impacts equally, with more uncertainty
on regional landise change across the model ensentbhn the global totals might suggest. For
example, the median langse change for Latin America is an increase of cropland %y But the
range across the model ensemble is significant, with 3 models projecting declines in cr@dard (
%) compared to the 5 models projecting cropland increa$e5(%o). For further discussion on land
use change and food security see Section 5.6.

5.2.4 Climate change impacts on food utilisation

Food utilisation involves nutrient composition of food, its prep#@rat and overall state of health.
Food safety and quality affects food iliion.

5.2.4.1 Impacts on food safety and human health

Climate change can influence food safety through changing the population dynamics of contaminating
organisms due to, for examplkehanges in temperature and precipitation patterns, and also humidity,
increased frequency and intensity of extreme weather events, and changes in contaminant transport
pathways. Changes in food and farming systems, e.g., intensification to maintainusujsslglimate
change, may also increase vulnerabilities as the climate ch@rige$o et al. 2010)Climaterelated
changes in the biology of contaminating organisndude changing the activity of mycotoxin
producing fungi, changing the activity of miesoganisms in aquatic food chains that cause disease
(e.g., dinoflagdhtes, bacteria likeVibrio), and increasingly heavy rainfall and floods causing
contamination of pastures with enteric microbes (Bamonella that can enter the human food
chain. Degradation and spoilage of products in storage and transport caa affected by changing
humidity and temperature outside of cold chains, notably from microbial decay but also from potential
changes in the population dynamics of stored product pests (e.g., mites, beetles(Muzis)et al.

2015)

Mycotoxin-producing fungi occur in specific conditions of temperature and humidity, so climate
change will affect their range, ire@asing risks in some areas (such as-tewdperate latitudes) and
reducing them in others (e.g., the tropi@aterson and Lima 2010)here isrobust evidencé&om
processhased models of particular speci@sgergillugAflatoxin B1, Fusariunideoxynivalenol) with
projections of future climate that show that aflatoxin contamination of maize in southern Europe will
increase significantlyBattilani et al. 2016)and deoxynivalenol contamination of wheat in nevest
Europe will increase by up to 3 timeg/an der FelKlerx et al. 2012b,a)Whilst the downscaled
climate models make any specific projection for a given geography unc@ftairder FelKlerx et

al. 2013) experimental evidence on the small scale suggests that the combination of rislagel)
affecting physiological processés photosynthetic organisms, and temperature changes, can be
significantly greater than temperature alghkedina et al. 2014)Risks related to aflatoxins are likely
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to change, but detailed projections are difficult luseathey depend on local conditigivaughan et
al. 2016)

Foodborne pathogens in the terrestrial environment typically come from enteric contamination (from
humans or animals), and can be spread by wind (blowing contaminated soil) or fldotheg
incidence of both of which are likely to increase with climate chahtglberg and Chu 2016)
Furthermore, water sted for irrigation, which may be increased in some regions as an adaptation
strategy, can become an important route for the spread of pathogens (as well as other pollutants);
contaminated water and diarrheal diseases are acute threats to food @@condtgt al. 2018)Whilst

there is little direct evidence (in terms of modelled projections) the results of a range of reviews, as
well as expert groups, suggest that risks from foodborne pathogens are likely to increase through
multiple mechanisméTirado et al. 2010; van der Spiegel et al. 2012; Liu et al. 2013; Kirezieva et al.
2015; Hellberg and Chu 2016)

An additional route to climate changepatts on human health can arise from the changing biology

of plants altering human exposure levels. This may include climate changing how crops sequester
heavy metal§Rajkumar et al. 2013)r howthey respond to changing pest pressure (e.g., cassava
produces hydrogen cyanide as a defence against herbivore attack).

All of these factors will lead to regional differences regarding food safety im{iatisrson andima

2011) For instance, in Europe it is expected that most important food sefatgd impacts will be
mycotoxins formed on plant products in the field or during storage; residues of pesticides in plant
products affected by changes in pest presdtaee elements and/or heavy metals in plant products
depending on changes in abundance and availability in soils; polycyclic aromatic hydrocarbons in
foods following changes in loagnge atmospheric transport and deposition; and presence of
pathogenic bderia in foods following more frequent extreme weather, such as flooding and heat
waves(Miraglia et al. 2009)

In summary, there imedium evidengavith high agreementhat food utilsation via changes in food
safety (and potentially food access from food loss) will be impacted by climate change, mostly by
increasing risks, but therel®mv confidenceexactly how they may change for any given place.

5.2.4.2 Impacts on food qgality
There are two main routes by which food quality may change. First, the direct effects of climate
change on plant and animal biology, such as through changing temperatures changing the basic

metabolism of plants. Secondly, by increasing carbon diéxgle ef f ect on biology

fertilisation.

Direct effects on plant and animal biolagglimateaffects a range of biological processes, including

the metabolic rate in plants and ectothermic animals. Changing these processes can change growth
rates,and therefore yields, but can also cause organisms to change relative investments in growth vs
reproduction, and therefore change the nutrients assimilatedmblyiglecrease protein and mineral
nutrient concentrations, as well as alter lipid compositigaMatta et al. 2010For example, gpes

in Japan have been exposed to higher temperatures tdedetades and have responded by
blooming earlier. This has led to changes in acidity, firmness, and water content, reducing quality
(Sugiura et al. 2013)n other fruit, such as grapes, warminguced changes in sugar composition
affect both colour and aronfira de Orduiia 2010Changing heat stress in poultry can affect yield

as well as meat quality (by altering fat deposition and chemical constituents), shell quality of eggs,
and immune systenftara and Rostag 2013)

Effects of rising C@ concentrations Climate change is being driven by rising concentrations of
carbon dioxide and other greenhouse gases in the atmosph@iantssuse Coin photosynthesis to
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form sugar, rising C@levels, all things beig equal, enhances the process unless limited by water or
nitrogen availabil pftert iTlhiissatiisonkon o wnyalldves théd @O r e ,
stomata to be open for a shorter period for gas exchange, reducing water loss through transpiratio
These two factors affect the metabolism of plants, and, as with changing temperatures, affects plant
growth rates, yields and their nutritional quali§tudies of these effects include matalyses,
modelling, and smatcale experimentdranzaring et al. 2013; Mishra and Agrawal 2014; Myers et

al. 2014; shigooka et al. 2017; Zhu et al. 2018; Loladze 2014; Yu et al. 2014)

In regard to nutrient quality, anetaanalysis from severrreeAir Carbon dioxide Enrichment
(FACE), (with elevatecatmospheric C@concentration of 54686 ppm) experiment@Myers et al.

2014) found that wheat grains had 9.3% lower zinc (Q1227%), 5.1% lower iron (CB.7 6.5%)
and6.3% lower protein (Cb.2 7.5%), and rice grains had 7.8% lower protein conten6(&B.9%).
Changes in nutrient concentration in field pea, soybean and C4 crops such as sorghum and maize were
small or insignificantZhu et al. (2018Yeport a metanalysis of FACE trials on a range of rice
cultivars. They show that protein declines by an average of 10% under elevatedtddCand zinc

decline by 8% and 5% respectively. Furthermore, a range of vitamins show large declines across all
rice cultivars, including B1-17%), B2 (17%), B5 ¢(13%) and B9 {30%), whereas Vitamin E
increasedAs rice underpins the diets of manybfé wor | dds p o eincame tounpriesp p | e
especially in Asiazhu et al. (2018)kstimate that these changasder high C@ may affect the
nutrient status of about 600 million people.

Decreases in protein concentration with elevated @@ related to reduced nitrogen concentration
possibly caused by nitrogen uptake not keeping up with biomass growth, an effiect c
6carbohydrate dilutioné or 6growth dilutionbo,
much of the energy used for assimilating nitrate into protéBehrami et al. 2017) Other
mechanisms have also been postuldEehg et al. 2015; Bloom et al. 2014; Taub and Wang 2008)
Together, the impacts on protein availabilmnay take as many as 150 million people into protein
deficiency by 2050Medek et al. 2017)Legume and vegetable yields increased with elevated CO
concentration of 250 ppm above ambient by 22% (CIT1BR&%), with a stronger effect on leafy
vegetables than on legumes and no impact for changes in iron, vitamin C or flavonoid concentration
(Scheelbeek et al. 2018)

Increasing concentrations of atmospheric ,G@wer the content of zinc and other nutrients in
important foa crops.Dietary deficiencies of zinc and iron are a substantial global public health
problem(Myers et al. 204). An estimated two billion people suffer these deficientiesO 2013a)
causing a | os-gearsdnnuéllgMyard et dl. 2014)Most offthese people depend on
C3 grain legumes as their primary dietary source of zinc and #Ziow. deficiency is currently
responsible for large burden$ disease globally, and the populations who are at highest risk of zinc
deficiency receive most of their dietary zinc from cr@pbrers et al. 2015)The total number of
people estimated to be placed at new risk of zinc deficiency by 2050 is 138 million. e Ipesdy

to be most affected live in Africa and South Asia, with nearly 48 million residing in India alone.
Differences between cultivars of a single crop suggest that breeding for decreased sensitivity to
atmospheric C@concentration could partly addiethese new challenges to global he@ithers et

al. 2014)

In summary,while increased CQis projected to be beneficial for crop productivity at lower
temperature increases, it is projected to lower nutritional quality (e.g., less protein, zinc, and iron)
(high confidence)
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5.2.5 Climate change impacts on food stability

Food stability is relateddt peopl edbs ability to access and use
intervening periods of hunger. Increasing extreme events associated with climate change can disrupt
food stability. (See Section®1for assessment of food price spikes.)

5.2.5.1 Impacts of extreme events

FAO et al. (2018onducted an analysis of prevalence of undernourishmenf) @ualfound that in
2017, the average of the prevalence of undernourishment (PoU) wés fbb.dll counties exposed

to climate extremes (See Supplementary Malt&igure SM5.2. At the same time, the PoU was’20

for countries that additionally show highulnerability of agriculture production/yields to climate
variability, or 22.4%6 for countries with high PoU vulnerability to severe drought. When there is both
high vulnerability of agriculture production/yields and high PoU sensitivity to severe drabght,
PoU is 9.8 points higher (284). These vulnerabilities were found to be higher when countries had a
high dependence on agriculture as measured by the number of people employed in the sector.
Bangkok experienced severe flooding in 2@012 with largescale disruption of the national food
supply chains since they were centrally orgediin the capital cityAllen et al. 2017)

The IPCC projects that frequency, duration, and intensity of some extreme events will increase in the
coming decadefPCC 2018a, 2012)To test these effects on food securitigchelaar et al(2018)

showed rising instability in global grain trade and international grain prices, affecting especially the
about 800 million people living in extreme poverty who are most vulnerable to food price spikes (see
Section 5.8.1). They used global datasets of maize production and climate variability combined with
future temperature projections to gquantify how
maizeproducing andexporting countries under 2°C and 48global warming.

Tesfaye et al. (201 rojected thathe extent of heattressed areas in South Asia could increase by
up to 12% in 2030 and 21% in 2050 relative to the baseline {2980).Another recent study found
that drier regions are projected to dry earlier, more severely and to a greater exteminticn
regions, with the population of st#aharan Africa most vulneralqleickley and Solomon 2018)

5.2.5.2 Food aid

Food aid plays an impantt role in providing food security and saving lives after climate disasters. In
2015, 14.5 million people were assisted through disaisterreduction, climate change and/or
resilience building activitiegWFP 2018) However, there is no agreement on how to better use
emergency food aid, since it can come with unintended consequences for individuals, groups, regions,
and countriegBarrett 2006) These may include negative dependency of food recipjeetdz et al.

2005)or price increass, among others.

Some authors state that tied food aid provided
production(Clay 2006) although others found no evidence of tfiterriere and SuwBkisenmann

2015) Untied cash aid can be used to buy food locally or in neighbouring countries, which is cheaper
and can contribute to improving the livelihoods of local farn€tay 2006)

Ahlgren et al.(2014) found that food aid dependence of Marshall Islands due to climate change
impacts can result in poor health outcomes due to the paational quality of food aid, which may
result in futue increases of chronic diseasksthis regardMary et al. (2018khowed that nutrition
sensitive aid can reduce theevalence of undernourishment.

In summary, based on AR5 and SRAssessments that the likelihood that extreme weather will
increase, (e.g., increases in heates, droughts, inland and coastal flooding due to sea level rise

Subject to Copy-editing
5-42 Total pages200



A W NP

©O© 00 N O O

10

12
13

14
15
16
17
18
19
20

21
22
23
24
25
26

27
28
29
30
31
32

33
34
35
36
37
38
39
40

41
42
43

44

Final Government Distribution Chapter 5 IPCC SRCCL

depending on region) in both frequency and magnitude, decreases in food stability and thus increases
in food insecurity will likely rise as we({imedium evidencéjgh agreement)

5.3 Adaptation options, challenges, and opportunities

This section assesses the large body of literature on food system adaptation to climate change,
including increasing extreme events, within a framework of autonomous, incremental, and
transformational adaptatioit. focuses primarily on regional and local considerations and adaptation
options for both the supply side (productistgrage, transport, processing, and traohe) the demand

side €onsumption and diets)f the food system. Agroecological, social, andtwral contexts are
considered throughoutinally, the section assesses the role of institutional measures at global,
regional (multiple countries), national, and local scales and cafiaglting.

5.3.1 Challenges and opportunities

By formulating effectiveadaptation strategies, it is possible to reduce or even avoid some of the
negative impacts of climate change on food security (See Section 5.2). However, if unabated climate
change continues, limits edaptation will be reached (SRL In the food systemadaptation actions
involve any activities designed to reduce vulnerability and enhance resilience of the system to climate
changeln some areas, expanded climate envelopes will alteregriogical zones, with opportunity

for expansion towards highettitaides and altitudes, soil and water resources permitiingenzweig

and Hillel 2015)

More extreme climatic events are projected to lead to more-ragreorological diasters with
associated economic and social losSdsere are many options for adapting the food system to
extreme events reportedliRCC (2012) highlighting measures that reduce exposure and vulnerability
and increase resilience, even though risks cannot fully be elimifl&L 2012) Adaptatian
responses to extreme events aim to minindamags, modify threats, preveatlverseimpacts, or
share losses, thus making the system more reqliamvey et al. 2014a)

With current and projected climate change (higher temperature, changes in precipitation, flooding and
extremes events), achiegimadaptation will require both technological (e.g., recovering and improving
orphan crops, new cultivars from breeding or biotechnology) andewntmological (e.g., market,

land management, diet change) solutions. Climate interacts with other factoes suahket supplies

over longer distances and policy drivékdbow et al. 2008; Howden et al. 2008s well as local
agricultural productivity to determine accessdod locally.

Given the sitespecific nature of climate change impacts on food system components together with
wide variation in agroecosystems types and management, aneesoni@mic conditions, it is widely
understood that adaptation strategies linkal to environmental and culturaontextsat the regional

and local levelsHigh confidence Developing systemic resilience that integrates climate drivers with
social and economic drivers would reduce the impact on food security, particularly in developing
countries. For examplen Africa, improving food security requires evolving food systemsbe

highly climate resilient, while supporting the need for increasing yield to feed the growing population
(Mbow et al. 2014bjBox 5.2).

Adaptation involves producing more food where needed, moderating demand, reducing waste, and
improving governancéGodfray and Garnett 2014¥ee Section 5.6 for the significant synergies
between adaptation and mitigatittmough specific practices, actions and strategies
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Box 5.2 Sustainable solutions for food systems and climate change in Africa

Climate change, land use change, and food security are important aspects of sustainability p
Africa. According to theMcKinsey Global Institute (2010)Africa has around 60% of the glob
uncultivated arable land; thus the continent has a high potential for transformative change
production. With short and loAgrm climate change impacts combined with local poverty condit

plicies in
al
in food
ons,

land degradation ahpoor farming practices, Africa cannot grow enough food to feed its rapidly

growing population. Sustainable improvement of productivity is essential, even as the imp
climate change on food security in Africa are projected to be plural and severe.

SustainabledLand Management (SLM) of farming systems is important to address climate g
while dealing with these daunting food security needs and the necessity to improve ag
nutritious food to maintain healthy and active lives in Afr{@éeGRA 2017) SLM has functiong
beyond the production of food, such as delivery of water, protection against disease (eg
zoonotic diseases), the delivery of energy, fibre and buildzigmals.

Commoditybased systemdsdriven by external markeisare increasing in Africa (cotton, cocq
coffee, oil palm, groundnuts) with important impacts on the use of land and climate.
degradation, decreasing water resources, loss of biodiversigssve use of synthetic fertilisers
pesticides are some of the environmental challenges that influence preparedness to adapt
changgPretty and Bharucha 2015)

A balanced strategy on African agriculture can be based on SLM aftdunctional land use
approaches combining food production, cash crops, ecosystem services, biodiversity cons
and ecosystem services delivery, and indigenous and local knowledge.

Thus, sustainable food systems in Africa entail multiple dimessas shown ifigure5.7.

Global Drivers of Change Food Security & Sovereignty Adaptation Responses

Land tenure, gender, equity Investment

Climate change

IT systems
) Infrastructure - Energy, water,
Population fertilizer, transport SLM
Income Biodiversity, soil quality, Capacity building

diversification

L Decision systems
Urbanization o
Food storage, loss & waste o

Market connectivity

Diets Land use & farming practices

Supply chains

Figure 5.7 Factors influencing sustainable food systesin Africa

With rapidurbangation, it is important to used combined land goals (e.g.;za&roon energy, sma
irrigation systems, and climatesilient agriculture) to minimise the negative side effects of clin
change while securing quality food for a growing population.

Building resilience into productivity and production can be based on simultaneous attentior
following five overarching issues:

1) Closing yield gaps through adapted cultivars, sustainable land managemer

acts of

hange
cess to

pecially
a,

Land
nd
o climate

ervation,

rt
nate
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combine production and preservation etosystems essential functions such as sustai
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o

intensification approaches based on conservation agriculture and comivasety adaptation wit
functioning support services and market ac¢pssow et al. 2014a)

2) Identifying Sustainable Land Management practices (agroecology, agroforestry, etc.)
addressing different ecosystem services (food production, biodiversity, reduction of GHG emjssions,
soil carbon sequestration) for improved ldvased climate changéaptation and mitigatio(Sanz et
al. 2017; Francis 2016)

3) Paying attention to the foeehergywater nexus, especially water use and
reutilisation efficiency but also management of rain wgiésrecht et al. 2018)

4) Implementing institutional designs focused on youth, women through new economic
models that help access credit and loans to support policies that balanaed-ésid crops.

5) Build on and use of local knowledge, culture and traditions while seeking innovations
for food waste reduction and transformation of agricultural products.

These aspects suppose both incremental and transformational adaptation tesgnmérgm better
infrastructure (storage and food processing), adoption of harvest andapesst technologies that
minimise food waste, and development of new opportunities for farmers to respond to environmental,
economic and social shocks that affibetir livelihoods(Morton 2017)

Agriculture in Africa offers a unique opportunity for merging adaption to and mitigation of climate
change with sustainable production to ensure food sed@BAFS 2012; FAO 2012)nitiatives
throughout the food system on both the supply and demand sides campeailive outcomes.

5.3.2 Adaptation framing and key concepts

5.3.2.1 Autonomous, incremental, and transformational adaptation

Framing of adaptation in this section categesiand assesses adaptation measures as autonomous,
incremental, and transformatial (See Gissary and Table 5.3Adaptation responses can be reactive

or anticipatory.

Autonomous Autonomous daptation in food systems does not constitute a conscious response to
climatic stimuli but is triggered by changes in agroecosystems, markets, or whHages. It is also
referred to as spontaneous adapta(i®CC 2007) Examples of autonomous adaptation of rural
populations have been documented in the SGR& 2017) In India, farmers are changing sowing

and harvesting timing, cultivating short duratiaarieties, inteicropping, changing cropping patterns,
investing in irrigation, and establishing agroforestry. These are considered as passive responses or
autonomous adaptation, because they do not acknowledge that these steps are taken in response to
perceived climatic changgdripathi and Mishra 2017)

Incremental.Incremental daptation maintains the essence and integrity of a system or process at a
given scalgPark et al. 2012)ncremental adaptation focuses on improvements to existing resources
and management practices. The central aim of incremental adaptatiomastain the essence and
integrity of a system or process at a given sg®€C 2014a)

Transformational Transformational adaptation changes the fundamental attributes of a socio
ecological system either in anticipation of or in response to climate change and its iftip@acts
2014a) Transformational adaptation seeks alternative livelihoods and land use strategies needed to
develop new farming system@ermeer et al. 2016)For example, limitatios in incremental
adaptation among smallholder rice farmers in Northwest Costa Rica ladshdt from rice b
sugarcane production due to decreasing market access and water gudacigr et al. 2015)
Migration from the Oldman River Basin has bekscribed sa transformational adaption to climate
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change in the Canadian agriculture se¢téadarits et al. 2017)if high-end scenarios of climate
change eventuate, thedd security of farmers and consumers will depend on how transformational

[N

QW 00 NO O~ WNLPE

change irfood systemss managed. A integrated framework of adaptive transitiomanagementf

sociotechnical

transitions and adaptation to seamological

changesi

may help build

transformational adaptive capacitylockshell and Kamanda 2018; Pant et al. 20R)pke et al.

(2016) has suggested overlapping phases of adaptation needed to support transformational change in

Africa.

Table 5.3 Synthesis of food security elated adaptation options to address various climate riskPCC
2014b; Vermeulen et al. 2013, 2018; Burnham and Ma 2016; Bhatand Aggarwal 2016)

Key climate drivers
and risks

Incremental
adaptation

Transformational
adaptation

Enabling conditions

Extreme events and
shortterm climate
variability

Stress on water
resources, drought
stress, dry spells,
heat extremes,
flooding, shorter
rainy seasons, pests

- Change in variety,
water management,
water harvesting,
supplemental irrigation
during dry spells,

- Planting dates, pest
control, feed banks,

- Transhumance, Other
sources of revenue (e.
charcoal, wild fruits,
wood, tempeary work)

- Soil management,
composting,

- Early Warning Systemg

- Use of planning and
prediction at seasonal to
intra-seasonal climate
risk to transition to a
food safer condition.

- Abandonment of
monoculture,
diversification

- Crop and livestock
insurance

- Alternate cropping,
intercropping

-Erosion control

- Establishment of
climate services

- Integrated water
management policies,
integrated land and
water governance

- Seed banks, seed
sovereignty and seed
distribution policies

- Capacity building
and extension
programs

Warming trend,
drying trend

Reduced crop
productivity due to
persistent heat, long
drought cycles,
deforestation and
land degradation
with strong adverse
effects on food
production and
nutrition quality,
increased pestnd
disease dmage

- Strategies to reduce
effects of recurring food
challenges

- Sustainable
intensification,
agroforestry,
conservation
agriculture, SLM

- Adoption of existing
droughttolerant crop
and livestock species

- Counter season crop
production,

- Livestock fattening

- New ecosysterbased
adaptation (e.g. bee
keeping, woodlots)

- Climate services for
new agricultural
programs, e.g.,
sustainable irrigation
districts)

- New technology, e.g.,
new farming systems,
new crops and livestock
breeds

- Switches between
cropping and
transhumant livelihoods,
replacement of pasture ¢
forest to irrigated/rainfed
crops

- Shifting to small
ruminants or drought
resistant livestock or fish

- Climate information
in local development
policies.

-Stall
to credit and
production resources,

hol dg¢

- National food
security pogram basec
on increased
productivity,
diversification,
transformation and
trade

- Strengthening
(budget, capacities,
expertise) of local and
national institutions to
support agriculture an
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- Farmers rmnagenent | farming livestock breeding

of natural resources Food storage - Devolution to local

- Labor redistribution | infrastructures, food communities, women
(e.g., mining, transformation empaverment, market
development projects, opportunities

- Changesri cropping

urban migration) area, land rehabilitation | - Incentives for

- Adjustments to (enclosures, establishing new
markets and trade afforestation) perennial | markets and trade
pathways already in farming pathways

place

- New markets and tradg
pathways

5.3.2.2 Risk management

Climate risks affect all pillars of food security, particularly stability because extreme events lead to
strong variation to food access. Theiowtof risk is widely treated in IPCC repoft®CC 2014c)see
alsoChapter 7 in this report). With food systems, many riskeamur or reinforce each other and this

can limit effective adaptation planning as they require a comprehensive and dynamic policy approach
covering a range of drivers and scales. For example, theminderstanding by farmers of change in

risk profiles to the establishment of efficient markets that facilitate response strategies will require
more than systemic reviews of risk fact@owden et al. 2007)

Integration of Climate Change Adaptation (CCA) and Disaster Risk Reduction (DRR) helps to
minimise the overlap and duplication of projects and progréditelau et al. 2016)Recently,
countries started integrating the concept of DRR and CCA. For instance, The Philippines has
introduced legislation calling for CCA and DRR integration as current policy instruments were largely
unauccessful in combining agencies and experts across the two lazeasahd Pittock 2016)

Studies reveal that the amplitude of interannual growsegson temperature variability is in general

larger than that of lonterm temperature change in many locations. Responding better to seasonal
climateinduced food supply shocks therefore increases sécety capabi | ity to ada
change. Given these backgrounds, seasonal crop forecasting and early response recommendations,
based on seasonal climate forecasts, are emerging to strengthen existing operational systems for
agricultural monitoring and fecasting FAO 2016a; Ceglar et al. 2018; lizumi et al. 2018)

While adaptation and mitigation measures are intended to reduce the risk from climate change
impacts in food systems, they can also be sources of risk themselves (e.g. investment risk, political
risk) (IPCC 2014b) Climaterelated hazards are a necessary element of risks related to climate
impacts but may have little or natig to do with risks related to some climate policies/responses

Adoption of agroecological practices could provide resilience for future shocks, spread farmer risk
and mitigate the impact of droughthliles et al. 2018)XSee Section 5.3.2.3). Traditionally, risk
management is performed through multifunctional landscape approaches in which resosatierutili

is planned across wide areas and local agreements on resource access. Multifunctionality permits
vulnerable commmities to access various resources at various times and under various risk conditions
(Minang et al. 2015)

In many countries, governmental compensation for -fadpre and financial losses are used to
protect against rislof severe yield reductions. Both public and private sector groups develop
insurance markets and improve and disseminate ibd®d weather insurance programs.
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Catastrophe bonds, microfinance, disaster contingency funds, and cash transfers are othier availa
mechanisms for risk management.

In summary, risk management can be accomplished througkeegimgical landscape approaches
and risk sharing and transfer mechanisms such as development of insurance markets and improve
indexbased weather insuranceograms(high confidence)

5.3.2.3 Role of agroecology and diversification

Agro-ecological systems are integrated luse systems that maintain species diversity in a range of
productive nichesDiversified cropping systems and practicing traditional agrasysems of crop
production where a wide range of crop varieties are grown in various spatial and temporal
arrangements, are less vulnerable to catastrophic(Zdas et al. 2011) The use of local genetic
diversity, soil organic matter enhancementultiple-cropping or polyculture systemsand home
gardeningagroecolaical approachesanbuild resilience against extreme climate evéAtteri and
Koohafkan 2008) However,Nie et al. (2016)argued that while integrated cripestock systems

present some opportunities such as control of weeds, pests and diseases, and environmental benefits,
there are some challenges, including yield reduction, difficulty astyrecropping, grazing, and
groundcover maintenance in high rainfall zones, and development of persistent weeds and pests.
Adaptation measures based on agroecology entail enhancement of agrobiodiversity; improvement of
ecological processes and deliverly eacosystem services. They also entail strengthening of local
communities and recognition of the role and value of indigenous and local knowledge. Such practices
can enhance the sustainability and resilience of agricultural systems by buffering climeteesxt
reducing degradation of soils, and reversing unsustainable use of resources; outbreak of pests and
diseases and consequently increase yield without damaging biodivlrsigasing and conserving
biological diversity such as soil microorganisms gamote high crop yields and sustain the
environmen{Schmitz et al 201;8Bhattacharyya et al 2016&aribaldi et al 2017)

Diversification of many components of the food system is a key element for increasing performance
and efficiemy that may translate into increased resilience and reduced (iiskgrated land
management systems, agrobiodiversity, indigenous and local knowledge, local food systems, dietary
diversity, the sustainable use of indigenous fruits, neglected and uligedutrops as a food source)
(mediumconfidencg (Makate et al. 2016; Lin 2011; Awodoyin et al. 2015)

The more diverse the food systems are, the more resilient they are in enhancing food security in the
face of biotic and abiotic stresses. Diverse production systems are important for providing regulatory
ecosystem services such as nutrient cycling, caseguestration, soil erosion control, reduction of
GHG emissions and control of hydrological proceg$&sivenge et al. 2015)urther options for
adapting to change in both mean climate and extreme events are livelihood diversiidatiwael

2017; Ford et al. 2015and production divsity (Sibhatu et al. 2015)

Crop diversification, raintaining local genetic diversity, animal integration, soil organic matter
management, water conservation, and harvesting the role of microbial assemblages. These types of
farm management significantly affect communities in soil, plant structure, andy@agh in terms

of number, type, and abundance of spefiésrrisonWhittle et al. 2017) Complementary strategies
towards sustainable agriculture (ecological intensification, strengthening existing diverse farming
systems and investment in ecological infrastructure) also address important drivers of pollinator
decline(IPBES 2016)

Evidence also shws that, together with other factors,-famm agricultural diversity can translate into
dietary diversity at the farm level and beyqRimbert and Lemke 2018; Kumarr a. 2015; Sibhatu
et al. 201%. Dietary diversity is impdgant but not enough as an adaptation option, but results in
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positive health outcomes by increasing the vari

exposure to unhealthy environments.

Locally developed seeds and the concept of seed sowgreman both help protect local
agrobiodiversity and can often be more climate resilient than generic commercial v@vitiseem

2016; Coomes et al., 2015; van Niekerk and Wynberg 2017; Vascoetalb2013)Seed exchange
networks and banks protect local agrobiodiversity and landraces, and can provide crucial lifelines
when crop harvests fa{lCoomes et al. 2015; van Niekerk and Wynberg 2017; Vasconcelos et al.
2013)

Related to locally developed seeds, neglected and underusipsedes (NUS) can play a key role in
increasing dietary diveity (high confidencg (Baldermannret al. 2016; van der Merwe et al. 2016;
Kahane et al. 2013; Muhanii et al. 2014¢e Box 5.8 These species can also improve nutritional and
economic security of excluded social groups, such as tribaladal and Bardwaj 2014; Ghosh
Jerath et al. 2015)ndigent(Kucich and Wicht 20169r rural populationgNgadze et al. 2017)

Box 5.3 Climate change and indigenous food systems in the Hin#wsh Himalayan
Region

Diversification of production systems through promotion of Neglected and Underutilised Species
(NUS; also known as understudied, neglected, orphan, lost or disadvantaged crops) offers adaptation
opportunities to climate change, particulaity mountains. Neglected and Undersill Species
(NUS) have a potential to improve food security and at the same time help protect and conserve
traditional knowledge and biodiversity. Scaling NUS requires training farmers and other
stakeholders on wayto adopt adequate crop management, quality seed, select varieties, farming
systems, soil management, development of new products, and market opportBaiiigssi et al
2013) Farmers in the Rasuwa district, in the +hilis of Nepal, prefer to cultivate local bean, barley,
millet and local maizeratherthan commaodity crops because they are moreaioléo water stress and
extremely cold condition§Adhikari et al. 2017) Farmers in the highltitude cold climate of Nepa
prefer local barley with its short growing period because of a shorter growing window. Buckwheat is
commonly grown in theHindu-Kush Himalayan (HKH) region mainly because it grows fast jand
suppresses weeds. In Pakistan, quir@aefopodium quindagrew and produced well under saline
and marginal soil where other crops would not g(édhikari et al. 2017)

At the ame time, in many parts of the HKH region, a substantial proportion of the population is
facing malnutrition. Various factors are responsible for this, and lack of diversity in food and nytrition
resulting from production and consumption of few crops s oihthem. In the past, food basketg in
this region consisted of many different edible plant species, many of whictoareeglected and
underutilised. This is because almost all the efforts of the Green Revolution after 1960 focuised on
major crops. Foucrops viz. rice, wheat, maize and potato account for about @d08bal plant
derived energy suppljPaduiosi et al. 2013)

While the Green Revolution technologies substantially increased the yield of few cropboared
countries to reduce hunger, they also resulted in inappropriate and excessive use of agrochemicals,
inefficient wateruse loss of begficial biodiversity, water and soil pollution and significantly reduced

crop and varietal diversity. With farming systems moving away from subsidieiseel to
commercial farming, farmers are also reluctant to grow these local crops because of lovpoeturn,
market value and lack of knowledge about their nutritional environmental value.

However, transition from traditional diets based on local foods to a commercigbased diet with
high fats, salt, sugar and processed foausreased the incidence of roommunicable disease
such as diabetes, obesity, heart diseases and certain types of 8baoesGomez et al. 2017; NGD

w
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RisC 2016b, 2017b) Thi s 0 hi démugh dalariesy but dsufficient vitaminsis
increasingly evident in mountainous communities includireggHKH region.

Internationally, there isising interest nowadays on NUBot only because they present tremend
opportunities for fighting poverty, hunger and malnutritioat also because of their role in mitigati
climate risk in agricultural production systeniUS play an important rolen mountain agre

ecosystems because mountain agricultugeigerallylow-input agriculturefor which many NUS are

well adapted.

ous

In theHKH region, mountains are agexologically suitable for cultivation of traditional food crops,

such as barley, millesorghum, buckwheat, bean, grams, taro, yam and a vast range of wild
vegetables and medicinal plants. In one study carried out in two villages-tillwioh Nepal Khanal

fruits,

et al. (2015)eported 52 indigenous crop species belonging to 27 families with their various uses.

Farming communitiesontinue to growarious indigenous cropalbeit in marginal landoecause o

[

their value on traditional food and associated culture. Nepal Agricultural Research Council (NARC)
has identified a list of indigenous crops based on their nutritional, medicinal, cultural and other

values.

Many indigemus crops supply essential micronutrients to the human body, and need to be co
in mountain food systems. Farmers in HKH region are cultivating and maintaining various indi

crops such as amaranthus, barley, black gram, horse gram, olaruntayamsesame, niger, efc.

because of their nutritional value. Most of these indigenous crops are comparable with con
cereals in terms of dietary energy and protein content, but are also rich in micronutrien
example, pearl millet has higherrtent of calcium, iron, zinc, fiboflavin and folic acid than rice
maize(Adhikari et al. 2017)

NUS can provide both climate resilience and more options for dietary diversity to the fa
communities of mountain ecosystems. Some of theigenous crops have high medical importan
For example, mountain peoplettme HKH region have been usingmmun(i.e., Syzygium cumihito
treat diabetes. In the GilgBaltistan province of Pakistan, realising the importance obseklthorn
for nutriional and medicinal purposes, local communities have expanded its cultivation to
areas. Many of these crops can be cultivated in marginal and/or fallow land which otherwise
fallow. Most of these species are drought resistant and can be grasiin in rainfed conditions i
nortirrigated land.

nserved
jenous

mercial
ts. For
or

arming
ce.

larger
remains
L

Dietary diversity has also been correlatededium evidence, medium agreerpent agricultural
diversity in smalholder and subsistence farrffsyenew et al. 2018; Jones et al. 2014; Jones 2

017,

Pimbert and Lemke 2018ncluding both crops and animals, and has been proposed as a strategy to
reduce micronutrient malnutrition in developing countisntisirin et al. 02) In this regard, the
capacity of subsistence farming to supply essential nutrients in reasonable balance to the people

dependent on them has been considered as a means of overcoming their nutrient limitations
agronomic and sustainable wg@raham et al. 2007)

in sound

Ecosystenbased adaptation (EbAEDA is a set of naturbased methods addressing climate change

adaptation and food security by strengthening and conserving natural functions, goods iaed

serv

that benefit to people. EbA approaches to address food security provdenefits such as
contributions to health and improved diet, sustainable land management, economic revenue and water

security. EbA practices can reduce greenhouse gas emissidriacrease carbon stora@¢SAID
2017)

For example, agroforestry systems can contribute to improving food productivity while enhancing
biodiversity conservation, ecological balance and restoration under changing climate conditions
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