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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 has increased more than
30%, accompanied by greater use of nitrogen fertilisers (increase of about 800%) and water resources
for irrigation (increase of more than 100%). However, an estimated 821 million people are currently
undernourished, 151 million children 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. The food system is under
pressure from non-climate stressors (e.g., population and income growth, demand for animal-sourced
products), and from climate change. These climate and non-climate stresses are impacting the four
pillars of food security (availability, access, utilisation, and stability). {5.1.1, 5.1.2}

Observed climate change is already affecting food security through increasing temperatures,
changing precipitation pattems, and greater frequency of some extreme events (high

confidence). Increasing temperatures are affecting agricultural productivity in higher latitudes, raising
yields of some crops (maize, cotton, wheat, sugar beets), while yields of others (maize, wheat, barley)
are declining in lower-latitude regions. Warming compounded by drying has caused yield declines in
parts of Southern Europe. Based on indigenous and local knowledge, climate change is 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 change (high confidence).
Across SSPs 1, 2, and 3, global crop and economic models projected a 1-29% cereal price increase in
2050 due to climate change (RCP 6.0), which would impact consumers globally through higher food
prices; regional effects will vary (high confidence). Low-income consumers are particularly at risk,
with models projecting increases of 1-183 million additional people at risk of hunger across the SSPs
compared to a no climate change scenario (high confidence). While increased CO: is projected to be
beneficial for crop productivity at lower temperature increases, it is projected to lower nutritional
quality (high confidence) (e.g., wheat grown at 546-586 ppm CO: has 5.9-12.7% less protein, 3.7—
6.5% less zinc, and 5.2-7.5% less iron). Distributions of pests and diseases will change, affecting
production negatively in many regions (high confidence). Given increasing extreme events and
interconnectedness, risks of food system disruptions are growing (high confidence). {5.2.3,5.2.4}

Vulnerability of pastoral systems to climate change is very high (high confidence). Pastoralism is
practiced in more than 75% of countries by between 200 and 500 million people, including nomadic
communities, transhumant herders, and agro-pastoralists. Impacts in pastoral systems include lower
pasture and animal productivity, damaged reproductive function, and biodiversity loss. Pastoral
system vulnerability is exacerbated by non-climate factors (land tenure, sedentarisation, changes in
traditional institutions, invasive species, lack of markets, and conflicts). {5.2.2}

Fruit and vegetable production, a key component of healthy diets, is also vulnerable to climate
change (medium evidence, high agreement). Declines in yields and crop suitability are projected
under higher temperatures, especially in tropical and semi-tropical regions. Heat stress reduces fruit
set and speeds up development of annual vegetables, resulting in yield losses, impaired product
quality, and increasing food loss and waste. Longer growing 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 dimensions (high confidence).
Worldwide, women play a key role in food security, although regional differences exist. Climate
change impacts vary among diverse social groups depending on age, ethnicity, gender, wealth, and
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class. Climate extremes have immediate and long-term impacts on livelihoods of poor and vulnerable
communities, contributing to greater risks of food insecurity that can be a stress multiplier for internal
and external migration (medium confidence). {5.2.6} Empowering women and rights-based
approaches to decision-making can create synergies among household food security, adaptation, and
mitigation. {5.6.4}

Many practices can be optimised and scaled up to advance adaptation throughout the food
system (high confidence). Supply-side 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, broad-based genetic resources, and heterogeneous diets) is a key strategy to
reduce risks (medium confidence). Demand-side adaptation, such as adoption of healthy and
sustainable diets, in conjunction with reduction in food loss and waste, can contribute to adaptation
through reduction in additional land area needed for food production and associated food system
vulnerabilities. Indigenous and local knowledge can contribute to enhancing food system resilience
(high confidence). {5.3, 5.6.3 Cross-Chapter Box 6}.

Ca. 25-30% of total GHG emissions are attributable to the food system. These are from
agriculture and land use, storage, transport, packaging, processing, retail, and consumption
(medium confidence). This estimate includes emissions of 10-12% from crop and livestock activities
within the farm gate and 8-10% from land use and land use change including deforestation and
peatland degradation (high confidence); 5-10% is from supply chain activities (medium confidence).
This estimate includes GHG emissions from food loss and waste. Within the food system, during the
period 2007-2016, the major sources of emissions from the supply side were agricultural production,
with crop and livestock activities within the farm gate generating respectively 142 + 43 Tg CHs yrt
(high confidence) and 8.3 + 2.3 Tg N20O yr? (high confidence), and CO: emissions linked to relevant
land use change dynamics such as deforestation and peatland degradation, generating 4.8 £ 2.4 Gt
CO:2 yri. Using 100-year GWP values (no climate feedback) from the IPCC AR5, this implies that
total GHG emissions from agriculture were 6.2 + 1.9 Gt COzeq yr?, increasing to 11.0 + 3.1 Gt COzeq
yr-tincluding relevant land use. Without intervention, these are likely to increase by about 30%-40%
by 2050, due to increasing demand based on population and income growth and dietary change (high
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 systems (high confidence). Total mitigation potential of
crop and livestock activities is estimated as 1.5-4.0 GtCOz-eq yr by 2030 at prices ranging from 20-
100 USD/tCO2eq (high confidence). Options with large potential for GHG mitigation in cropping
systems include soil carbon sequestration (at decreasing rates over time), reductions in NoO emissions
from fertilisers, reductions in CHs; emissions from paddy rice, and bridging of yield gaps. Options
with large potential for mitigation in livestock systems include better grazing land management, with
increased net primary production and soil carbon stocks, improved manure management, and higher -
quality feed. Reductions in GHG emissions intensity (emissions per unit product) from livestock can
support reductions in absolute emissions, provided appropriate governance to limit total production is
implemented at the same time (medium confidence). {5.5.1}

Consumption of healthy and sustainable diets presents major opportunities for reducing GHG
emissions from food systems and improving health outcomes (high confidence). Examples of
healthy and sustainable diets are high in coarse grains, pulses, fruits and vegetables, and nuts and
seeds; low in energy-intensive animal-sourced and discretionary foods (such as sugary beverages);
and with a carbohydrate threshold. Total mitigation potential of dietary changes is estimated as 1.8-
3.4 GtCOzeq yrt by 2050 at prices ranging from 20-100 USD/tCO2 (medium confidence). This
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estimate includes reductions in emissions from livestock and soil carbon sequestration on spared land,
but co-benefits 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 social, cultural, 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 uncertain. {5.5.2, 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 2010-2016, global food loss and waste equalled 8-10% of total GHG
emissions from food systems (medium confidence); and cost about USD 1 trillion per year (2012
prices) (low confidence). Technical options for reduction of food loss and waste include improved
harvesting techniques, on-farm 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 regions (robust evidence, medium agreement). {5.5.2}

Agriculture and the food system are key to global climate change responses. Combining supply -
side actions such as efficient production, transport, and processing with demand-side
interventions such as modification of food choices, and reduction of food loss and waste, reduces
GHG emissions and enhances food system resilience (high confidence). Such combined measures
can enable the implementation of large-scale land-based adaptation and mitigation strategies without
threatening 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 people and impacts on smallholder
farmers (medium evidence, high agreement). Just transitions are needed to address these effects. {5.5,
5.6, 5.7}

For adaptation and mitigation throughout the food system, enabling conditions need to be
created through policies, markets, institutions, and govemance (high confidence). For adaptation,
resilience to increasing extreme events can be accomplished through risk sharing and transfer
mechanisms such as insurance markets and index-based weather insurance (high confidence). Public
health policies to improve nutrition — such as school procurement, health insurance incentives, and
awareness-raising campaigns — can potentially change demand, reduce health-care costs, and
contribute to lower GHG emissions (limited evidence, high agreement). Without inclusion of
comprehensive food system responses in broader climate change policies, the mitigation and
adaptation potentials assessed in this chapter will not be realised and food security will be jeopardised
(high confidence). {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 livelihoods of ca. 200
million people. Agriculture as an economic activity generates between 1% and 60% of national GDP
in many countries, with aworld average of about 4% in 2017 (World Bank 2019). Since 1961, food
supply per capita has increased more than 30%, accompanied by greater use of nitrogen fertiliser
(increase of about 800%) and water resources for irrigation (increase of more than 100%).

The rapid growth in 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 activities). Given the current 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 environmental impacts, including loss of biodiversity. FAO (2018a) projects that by 2050
cropland area will increase 90-325 Mha, between 6-21% 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 adoption of 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 deployment of land-based 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 climate change affects food security,
including nutrition, the options for the food system to adapt and mitigate, synergies and trade-offs
among these options, and enabling conditions for their adoption. The chapter assesses the role of
incremental and transformational adaptation, and the potential for combinations of supply-side
measures such as sustainable intensification (increasing productivity per hectare) and demand-side
measures (e.g., dietary change and waste reduction) to contribute to climate change mitigation.

5.1.1 Foodsecurityand insecurity, the food system, and climate change

The food system encompasses all the activities and actors in the production, transport, manufacturing,
retailing, consumption, and waste of food, and their impacts on nutrition, health and well-being, and
the environment (Figure 5.1).
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Figure 5.1 Interlinkages between the climate system, food system, ecosystem (land, water and oceans),
and socio-economic system. These systems operate at multiple scales, both global and regional. Food
securityis anoutcome of the food systemleading tohuman well-being, which is alsoindirectly linkedwith
climate and ecosystems through the socio-economic system. Response options for sustainable (S)
practices, mainly in terms of climate change mitigation (M) and adaptation (A) are representedby grey
arrows. Adapation measures canhelpto reduce negative impacts of climate change on the food system
and ecosystems. Mitigation measures can reduce greenhouse gas emissions coming fromthe food 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 security and generate
impacts on the environment. As part of the environmental impacts, food systems are a considerable
contributor to greenhouse gas emissions, and thus climate change (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 afood systems lens in the Special Report on Climate Change and Land (SRCCL) 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 disaggregated
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
large part, from ‘pull’ from the demand side. Mitigation and adaptation involve modifying production,
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 to FAO (2001a), food security is 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 active and healthy life. “All people at all times” implies the need
for equitable and stable food distribution, but it is increasingly recognised that it also covers the need
for inter-generational equity, and therefore “sustainability” in food production. “Safe and nutritious
food ...for a healthy life” implies that food insecurity can occur 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 is malnourishment (literally “bad nourishment”) leading to
malnutrition, which refers to deficiencies, excesses, or imbalances in a person’s intake of energy
and/or nutrients. As defined by FAO et al. (2018), undernourishment occurs when an individual’s
habitual food consumption is insufficient to provide the amount of dietary energy required to maintain
a normal, active, healthy life. In addition to undernourishment in the sense of insufficient calories
(“hunger”), undernourishment occurs in terms of nutritional deficiencies in vitamins (e.g., Vitamin A)
and minerals (e.g., iron, zinc, iodine), so-called “hidden hunger”. Hidden hunger tends to be present in
countries with high levels of undernourishment (Muthayya et al. 2013), but micronutrient deficiency
can occur in societies with low prevalence of undernourishment. For example, in many parts of the
world teenage girls suffer from iron deficiency (Whitfield et al. 2015) and calcium deficiency is
common in Western-style diets (Aslam and Varani 2016). Food 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 illness. However, in many parts of the world, poverty is linked to poor diets (FAO et al.
2018). This may be through lack of resources to produce or access food in general, or healthy food, in
particular, as healthier diets are more expensive than diets rich in calories but poor in nutrition (high
confidence) (see meta-analysis by Darmon and Drewnowski 2015). The relationship between poverty
and poor diets may also be linked to unhealthy “food environments,” with retail outlets in a locality
only providing access to foods of low-nutritional quality (Gamba et al. 2015) — such areas are
sometimes termed “food deserts” (Battersby 2012).

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 shortcomings. For example, the UN FAO has developed the Food
Insecurity Experience Scale (FIES), a survey-based tool to measure the severity of overall
households’ inability to access food. While it provides reliable estimates of the prevalence of food
insecurity in a population, it does not reveal whether actual diets are adequate or not with respect to
all aspects of nutrition (see Section 5.1.2.1).

5.1.1.2 Effects of climate change on food security

Climate change is projected to negatively impact the four pillars of food security — availability,
access, utilisation and stability — and their interactions (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 activities (Table 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), and stability (e.g., impacts of increasing extreme events) as they are affected by a
changing climate (Bailey et al. 2015). Low-income producers and consumers are likely to be most
affected because of a lack of resources to invest in adaptation and diversification measures (UNCCD
2017; Bailey etal. 2015).

Table 5.1 Relationships between food security, the food system, and climate change and 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 5221, Development of adaptation 5.3
Production | livestock systems 5222 | practices
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of food and | Reduced yields from lack of 5223, Adoption of new technologies, | 5.3.2.3,
its readiness | pollinators; pests and diseases 5224 | new and neglected varieties 5331,
for use Reduced food quality affecting | 524.1, | Enhanced resilience by 53.2.3,
through availability (e.g., food spoilage | 5525 | integrated practices, better food | 5334,
Stl%r;%;in and loss from mycotoxins) storage 5.64
3istributig,’1, Disruptions to food storageand | 5.2.5.1, Reduction of demand on by 5.3.4,
sale and/or | transport networks from change ggi4 reducing waste, modifying 5.5.2, 5.1
exchange in climate, including extremes Box 5.5 diets
Closing of crop yield and 5.6.4.4,
livestock productivity gaps 5.7
Risk management, including 532,57
marketing mechanisms,
financial insurance
Access: Yield reductions, changes in 5221, Integrated agricultural 5.6.4
Abilityto | farmer livelihoods, limitations on | 222 | practices to build resilient
obtain food, | ability to purchase food livelihoods
including Price rise and spike effects on 5.13, Increased supply chain 5.33,
effects of low-income consumers, in 5231, | efficienc i 534
. , y (e.g., reducing loss
price particular women and children, | 2251 | and waste)
due to lack of resources to Box5.1
purchase food
Effects of increased extreme 58.1 More climate-resilient food 57
events on food supplies, systems, shortened supply
disruption of agricultural trade chains, dietary change, market
and transportation infrastructure change
Utilisation Impacts on food safety due to 5241 Improved storage and cold 5.3.3,
Achievemen | increased prevalence of chains 5.34
t of food microorganisms and toxins
potential Decline in nutritional quality 5242 | Adaptive crop and livestock 5.34,
through resulting from increasing varieties, healthy diets, better | 5.5.2, 5.7
nutrition, atmospheric CO2 sanitation
cooking,
health Increased exposure to diarrheal | 5.24.1
and other infectious diseases due
to increased risk of flooding
Stability Greater instability of supply due | 5.2.5, Resilience via integrated 5.64,
Continuous | to increased frequency and 581 systems and practices, 57,581
availability | severity of extreme events; food diversified local agriculture,
and access | price rises and spikes; instability infrastructure investments,
to food of agricultural incomes modifying markets and trade,
without reducing food loss and waste
disruption
Widespread crop failure 582 Crop insurance for farmersto | 5.3.2.2,
contributing to migration and cope with extreme events 5.7
conflict
Capacity building to develop 5.3.6,
resilient systems 5.74
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Combined Increasing undernourishmentas | 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
interactions change)
of all four [ Increasing obesity and ill health | 5.1 Increased production of 952,57
pillars through narrow focus on adapting healthy food and reduced
limited number commaodity crops consumption of energy-
intensive products
Increasing environmental Cross- | Development of climate smart | 5.3.3,5.7
degradation and GHG emissions | Chapter | food systems by reducing GHG
Box 6 emissions, building resilience,
adapting to climate change
Increasing food insecurity dueto | 5.6.1 Governance and institutional 5.25,5.7
competition for land and natural responses (including food aid)
resources (e.g., for land-based that take into consideration
mitigation) gender and equity

5.1.2 Status of the food system, food insecurity, and malnourishment

5.1.21 Trendsin 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 80% of the 81 g of protein eaten per day coming
from terrestrial production in 2013 (FAOSTAT 2018). 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 animal-sourced food is driving crop utilisation for livestock feed (FAOSTAT 2018;
Pradhan et al. 2013a). Global trade of crop and animal-sourced food has increased by around 5 times
between 1961 and 2013 (FAOSTAT 2018). During this period, global food availability has increased
from 2200 kcal/cap/day to 2884 kcal/cap/day, making a transition from a food deficit to a food surplus
situation (FAOSTAT 2018; Hig et al. 2016).

The availability of cereals, animal products, oil crops, and fruits and vegetables has mainly grown
(FAOSTAT 2018), reflecting shifts towards more affluent diets. This, in general, has resulted in a
decrease in prevalence of underweight and an increase in prevalence of overweight and obesity
among adults (Abarca-Gomez et al. 2017). During the period 1961-2016, anthropogenic greenhouse
gas emissions associated with agricultural production has grown from 3.1 Gt CO.-eq yr'! to 5.8 Gt
CO2-eq yrt (Section 5.4.2, Chapter 2). The increase in emissions is mainly from the livestock sector
(from enteric fermentation and manure left on pasture), use of synthetic fertiliser, and rice cultivation
(FAOSTAT 2018).

1 FOOTNOTE: Does not take into accountterrestrial production of feed.
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Figure 5.2 Global trends in (a) yields of maize, rice, and wheat (FAOSTAT 2018) —the top three crops
grown in theworld; (b) production of crop and animal calories anduse of crop calories as livestock feed

(FAOSTAT 2018); (c) production from marine and aquaculture fisheries (FishStat2019); (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 requirements for medium physical activities) from1961-2012
(FAOSTAT 2018; Hicetal. 2016); (g) prevalence of overweight, obesity and underweight from 1975-2015
(Abarca-Gomez etal. 2017);and (h) GHG emissions for the agriculturesector, excluding landuse change
(FAOSTAT 2018). For figures (b) and (e), data provided inmass units were converted into calories using

nutritive factors (FAO 2001b). Data on emissions due to burning of savanna and cultivation of organic
soils is provided only after 1990 (FAOSTAT 2018).
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5.1.2.2 Food insecurity status and trends

In addressing food security the dual aspects of malnutrition — under-nutrition and micro-nutrient
deficiency, as well as over-consumption, overweight, and obesity — need to be considered (Figure
5.2g and Table 5.2). The UN agencies’ State of Food Security and Nutrition 2018 report (FAO et al.
2018) and the Global Nutrition Report 2017 (Development Initiatives 2017) summarise the global
data. The State of Food Security report’s estimate for undernourished people on a global basis is 821
million, up from 815 million the previous year and 784 million the year 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 height-for-age), has been gradually declining, and was
22% in 2017 compared to 31% in 2012 (150.8 million, down from 165.2 million in 2012). In 2017,
50.5 million children (7.5%) under 5 were wasted (low weight for height). Since 2014, undernutrition
has worsened, particularly in parts of sub-Saharan Africa, South-Eastern Asia and Western Asia, and
recently Latin America. Deteriorations have been observed most notably in situations of conflict and
conflict combined with droughts or floods (FAQ et al. 2018).

Regarding micronutrient deficiencies known as ‘hidden hunger’, reporting suggests a prevalence of
one in three people globally (FAO 2013a; von Grebmer et al. 2014; Tulchinsky 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 Pacific (Ruel-Bergeron 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 the global population suffered from iodine
deficiency; and in 2005, 33.3% of children under five and 15.3% of pregnant women suffered from
vitamin A deficiency, and 17.3% of the global population suffered from zinc deficiency (HLPE 2017).

Table 5.2 Global prevalence of various forms of malnutrition

HLPE 2017 SOFI 2017 GNR 2017 SOFI 2018 GNR2018
(UN) (FAO) (FAO)
Overweight butnot 1.3 billion 1.93 billion 1.34 billion
obese? (38,9%)°
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%)°
Undernourishment 800 million 815 million 815 million 821 million
Stuntingunder five 155 million 155 million 155 million® 151 million 151 million®
(22%)
Wasting under five 52 million 52 million 52 million® 50 million 51 million®
(8%) (7%)
MND (iron) 19.2% of | 33% women of | 613 million 613 million 613 million
o | disesso | S209eren | €200 o,
15 to 49 to 49'

HLPE: High Level Panel of Experts of the committee of world food security; SOFI: The State of Food Security
and Nutrition in the World; GNR: Global Nutrition Report; MND: Micro nutrient deficiency (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 of non-pregnant women whose haemoglobin level is less than 120
grams per litre at sea level).

*Body mass indexbetween 25-29.9 kg/m?

®Body mass indexgreater than 30 kg/m?

‘Prevalence of overweight/obesity amongadults (age >18) in year 2016. Data from NCD Risc data source.
4UNICEF WHO Joint Malnutrition;

¢ln 2011

fAnaemia prevalencein girls and women aged 15to 49

Globally, as the availability of inexpensive calories from commodity crops increases, so does per
capita consumption of calorie-dense foods (Ng et al. 2014; NCD-RisC 2016a; Abarca-Gémez et al.
2017; Doak and Popkin 2017). As a result, in every region of the world, the prevalence of obesity
(body mass index >30 kg/m?) and overweight (body mass index range between normality [18.5-24.9]
and obesity) is increasing. There are now more obese adults in theworld than underweight adults (Ng
et al. 2014; NCD-RisC 2016a; Abarca-Gomez et al. 2017; Doak and Popkin 2017). In 2016, around
two billion adults were overweight, including 678 million suffering from obesity (NCD-RisC 2016a;
Abarca-Goémez et al. 2017). The prevalence of overweight and obesity has been observed in all age
groups.

Around 41 million children under five years and 340 million children and adolescents aged 5-19
years were suffering from overweight or obesity in 2016 (NCD-RisC 2016a; FAQO et al. 2017; WHO
2015). In many high-income countries, the rising trends in children and adolescents suffering 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 middle-income countries
(Abarca-Gomez et al. 2017; Doak and Popkin 2017; Christmann et al. 2009).

There are associations between obesity and non-communicable diseases such as diabetes, dementia,
inflammatory diseases (Saltiel and Olefsky 2017), cardio-vascular disease (Ortega et al. 2016) and
some cancers, e.g., of the colon, kidney, and liver (Moley 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 non-communicable diseases (NCD-RisC 2016a; HLPE 2017).

Analyses reported in FAO et al. (2018) highlight the link between food insecurity, as measured by the
FIES scale, and malnourishment (medium agreement, robust evidence). This varies by
malnourishment measure as well as country (FAO et al. 2018). For example, there is limited evidence
(low agreement but multiple studies) that food insecurity and childhood wasting (i.e., or low weight
for height) are closely related, but it is very likely (high agreement, robust evidence) that childhood
stunting and food insecurity are related (FAQ et al. 2018). With respect to adult obesity there is robust
evidence, with medium agreement, that food insecurity, arising from poverty reducing access to
nutritious diets, is related to the prevalence of obesity, especially in high-income countries and adult
females. An additional meta-analysis (for studies in Europe and North America) also finds a negative
relationship between income and obesity, with some support for an effect of obesity causing low
income (as well as vice versa) (Kim and von dem Knesebeck 2018).

As discussed in Section 5.1.1.1, different methods of assessing food insecurity can provide differential
pictures. Of particular note is the spatial distribution of food insecurity, especially in higher-income
countries. FAO et al. (2018) reports FIES estimates of severe food insecurity in Africa, Asia and Latin
America of 29.8%, 6.9% and 9.8% of the population, respectivity, but of 1.4% 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 people were exposed to varying
degrees of food insecurity, from mild to severe (overall prevalence about 12%) (Coleman-Jensen 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 8%) (End Hunger UK 2018; Bates et al. 2017). The UK food bank
charity, the Trussell Trust, over a year in 2017/18, distributed 1,332,952 three-day emergency food
parcels to people referred to the charity as being in food crisis. Furthermore, a 2003 study in the UK
(Schenker 2003) estimated 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 world’s population are underweight or overweight (NCD-RisC 2017a), so
their diets do not provide the conditions for ‘an active and healthy life’. This will be more
compromised under the impacts of climate change by changing the availability, access, utilisation,
and stability of diets of sufficient nutritional quality as shown in Table 5.2 and discussed in detail
below (see Section 5.2).

5.1.3 Climate change, gender, and equity

Throughout, the chapter considers many dimensions of gender and equity in regard to climate change
and the food system (Box 5.1). Climate change impacts differ among diverse social groups depending
on factors such as age, ethnicity, ability/disability, sexual orientation, gender, wealth, and class (high
confidence) (Vincent and Cull 2014; Kaijser and Kronsell 2014). Poverty, along with socio-economic
and political marginalisation, cumulatively put women, children and the elderly in a disadvantaged
position in coping with the adverse impacts of the changing climate (UNDP 2013; Skoufias et al.
2011). The contextual vulnerability of women is higher due to their differentiated relative power,
roles, and responsibilities at the household and community levels (Bryan and Behrman 2013; Nelson
et al. 2002). They often have a higher reliance on subsistence agriculture, which will be severely
impacted by climate change (Aipira et al. 2017).

Through impacts on food prices (section 5.2.3.1) poor people’s food security is particularly
threatened. Decreased 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 nutritious (Thompson et al. 2012; Lobell and Burke 2010). In Guatemala, food prices and poverty
have been correlated with lower micronutrient intakes (lannotti et al. 2012). In the developed world,
poverty is more typically associated with calorically-dense but nutrient-poor diets, obesity,
overweight, and other related diseases (Darmon and Drewnowski 2015).

Rural areas are especially affected by climate change (Dasgupta et al. 2014), through impacts on
agriculture-related livelihoods and rural income (Mendelsohn et al. 2007) and through impacts on
employment. Jessoe et al. (2018) using a 28-year 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 and non-farm labour, 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 conflicts (FAO 2018a).

Finally, climate change can affect human health in other ways that interact with food utilisation. 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 risk (Dunne et al. 2013). For example,
Takakura et al (2017) estimates that under RCP8.5, the global economic loss from people working
shorter hours to mitigate heat loss may be 2.4-4% of GDP. Furthermore, as discussed by (Watts et al.
2018); people’s nutritional status interacts with other stressors and affects their susceptibility to ill
health (the “utilisation pillar” of food security): so food-insecure people are more likely to be
adversely affected by extreme heat, for example.

In the case of food price hikes, those more vulnerable are more affected (Uraguchi 2010), especially
in urban areas (Ruel et al. 2010), where livelihood impacts are particularly severe for the individuals
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and groups that have scarce resources or are socially isolated (Revi et al. 2014; Gasper et al. 2011)
(high confidence). These people often lack power and access to resources, adequate urban services
and functioning infrastructure. As climate events become more frequent and intense, this can increase
the scale and depth of urban poverty (Rosenzweig et al. 2018b). Urban floods and droughts may result
in water contamination increasing the incidence of diarrhoeal illness in poor children (Bartlett 2008).
In the near destruction of New Orleans by Hurricane Katrina, about 40,000 jobs were lost (Rosemberg
2010).

Box 5.1 Gender, food security, and climate change

Differentiated impacts, vulnerability, risk perception, behaviours and coping strategies for climate
change related to food security derive from cultural (gendered) norms, that is, the behaviours, tasks,
and responsibilities a society defines as “male” or “female”, and the differential gendered access to
resources (Paris and Rola-Rubzen 2018; Aberman and Tirado 2014; Lebel et al. 2014; Bee 2016). In
many rural areas 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 the labour for post-harvest
activities (FAO 201l1a). They are mostly impacted through increased hardship, implications for
household roles, and subsequent organisational responsibilities (Boetto and McKinnon 2013; Jost et
al. 2016). Water scarcity can particularly affect women because they need to spend more time and
energy to collect water, where they may be more exposed to physical and sexual violence (Sommer et
al. 2015; Aipira et al. 2017). They may be forced to use unsafe water in the household increasing risk
of water-borne diseases (Parikh 2009). Climate change also has differentiated gendered impacts on
livestock-holders food security (McKune et al. 2015; Ongoro and Ogara 2012; Fratkin et al. 2004)
(See Supplementary Material Table SM5.1).

Gender dimensions of the four pillars

Worldwide, women play a key role in food security (World Bank 2015) and the four pillars of food
security have strong gender dimensions (Thompson 2018). In terms of food availability, women tend
to have less access to productive resources, including land, and thus less capacity to produce food
(Cross-chapter box 11: Gender in Chapter 7).

In terms of food access, gendered norms in how food is divided at mealtimes may lead to smaller food
portions for women and girls. Women’s intra-household inequity limits their ability to purchase food,;
limitations also include lack of women's mobility impacting trips to the market and lack of decision-
making within the household (Ongoro and Ogara 2012; Mason et al. 2017; Riley and Dodson 2014).

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

In terms 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; Darnton-Hill and Cogill 2010;
Cohen and Garrett 2010; Kumar and Quisumbing 2013) because when food is scarce women reduce
food consumption relative to other family members, although these norms vary according to age,
ethnicity, culture, region, and social position, as well as by location in rural or urban areas (Arora-
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 ahead of approaching storms, floods or droughts;
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and how to carry their families through the recovery months. They also play a pivotal role in
managing household finances and investing their savings in education, health, livelihoods, and other
activities that assist their families to adapt and respond to climate effects (Aipira et al. 2017).
Decreasing women’s capacity to adapt to the impacts of climate change also decreases that of the
household (Bryan and Behrman 2013).

However, gender norms and power inequalities also shape the ability of men, women, boys, girls and
the elderly to adapt to climate risks (Rossi and Lambrou 2008). For example, women pastoralists in
the Samburu district of Kenya cannot make decisions affecting their lives, limiting their adaptive
capacity (Ongoro and Ogara 2012).

Participation in decision-making and politics, division of labour, resource access and control, and
knowledge and skills (Nelson and Stathers 2009) are some of the barriers to adaptation. Women's
adaptive capacity is also diminished because their work often goes unrecognised (Rao 2005; Nelson
and Stathers 2009). Many of women’s activities are not defined as “economically active employment”
in national accounts (FAO 2011a). This non-economic status of women’s activities implies that they
are not included in wider discussions of 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 discrimination (Alston 2009; Edvardsson
Bjornberg and Hansson 2013; Huynh and Resurreccion 2014).

Where gender-sensitive 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 technical
capacity, financial resources and evaluation criteria, as shown in the Pacific Islands (Aipira et al.
2017). Thus, corresponding institutional frameworks that are well-resourced, coordinated, and
informed are required, along with adequate technical capacity within government agencies, NGOs and
project teams, to strength collaboration and promote knowledge sharing (Aipira et al. 2017).

Women’s empowerment: Synergies among adaptation, mitigation, and food security

Empowered and valued women in their societies increases their capacity to improve food security
under climate change, make substantial contributions to their own well-being, to that of their families
and of their communities (Langer et al. 2015; Ajani et al. 2013; Alston 2014) (high confidence).
Women’s empowerment includes economic, social and institutional arrangements and may include
targeting men in integrated agriculture programs to change gender norms and improve nutrition (Kerr
et al. 2016). Empowerment through collective action and groups-based approaches in the near-term
has the potential to equalise relationships on the local, national and global scale (Ringler et al. 2014).
Empowered women are crucial to creating effective synergies among adaptation, mitigation, and food
security.

In Western Kenya, widows in their new role as main livelihood providers invested in sustainable
innovations like rainwater harvesting systems and agroforestry (this can serve as both adaptation and
mitigation), and worked together in formalised groups of collective action (Gabrielsson and Ramasar
2013) to ensure food and water security. In Nepal, women’s empow erment had beneficial outcomes in
maternal and children nutrition, reducing the negative effect of low production diversity (Malapit et
al. 2015). Integrated nutrition and agricultural programs have increased women’s decision-making
power and control over home gardens in Burkina Faso (van den Bold et al. 2015) with positive
impacts on food security.

5.14 Foodsystemsin AR5, SR1.5, and the Paris Agreement

Food, and its relationship 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 Agreement
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of 2015, which includes the need to ensure food security under the threat of climate change on its first
page. This growing prominence of food is reflected in recent IPCC reports, including its Fifth
Assessment Report (IPCC 2014a) and the Special Report on Global Warming of 1.5°C (SR1.5) (IPCC
2018a).

5.1.41 Food systemsin AR5 and SR1.5

The IPCC Working Group (WG) 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 systems approach as well
as directing attention to undernourished people (Porter et al. 2014). However, it focused primarily on
food production systems due to the prevalence of studies on that topic (Porter et al. 2017). It
highlighted that a range of potential adaptation options 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 IPCC WG Il AR5 chapter on 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 waste (Smith et al. 2014). AR5
focused on crop and livestock activities within the farm gate and land use and land use change
dynamics associated with agriculture. It did not take a full food system approach to emissions
estimates that includes processing, transport, storage, and retail.

The IPCC WG Il AR5 Rural Areas chapter (Revi et al. 2014) found that farm households in
developing countries are vulnerable to climate change due to socio-economic characteristics and non-
climate stressors, as well as climate risks (Dasgupta et al. 2014). They also found that a wide range of
on-farm and off-farm climate change 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 diversification. The IPCC WG I
AR5 Urban Areas chapter found that food security of people living in cities was severely affected by
climate change through reduced supplies, including urban-produced food, and impacts on
infrastructure, as well as a lack of access to food. Poor urban dwellers are more vulnerable to rapid
changes of food prices due to climate change.
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Many climate change response options in IPCC WG Il and WG 1l AR5 (IPCC 2014b) address
incremental adaptation or mitigation responses separately rather than being inclusive of more
systemic or transformational changes in multiple food systems that are large-scale, in depth, and
rapid, requiring social, technological, organisational and system responses (Rosenzweig and Solecki
2018; Mapfumo et al. 2017; Termeer et al. 2017). In many cases, transformational change 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 transformational changes in the food
system need to encompass linkages to ameliorative responses to land degradation (see Chapter 4),
desertification (see Chapter 3), and declines in quality and quantity of water resources throughout the
food-energy-water nexus (Chapter 2; Section 5.7).

The IPCC Special Report on Global Warming of 1.5°C found that climate-related risks to food

security are projected to increase with global warming of 1.5°C and increase further with 2°C (IPCC
2018a).

5.1.4.2 Food systems and the Paris Agreement

To reach the temperature goal put forward in the Paris Agreement of limiting warming to well below
2°C, and pursuing efforts to limit warming to 1.5°C, representatives from 196 countries signed the
United Nations Framework Convention on Climate Change (UNFCCC) Paris Agreement (UNFCCC
2015a) in December 2015. The Agreement put forward a temperature target of limiting warming to
well below 2°C, and pursuing efforts to limit warming to 1.5°C. Under the Paris Agreement, Parties
are expected to put forward their best efforts through nationally determined contributions (NDCs) and
to strengthen these efforts in the years ahead. Article 2 of the Agreement makes clear the agreement is
within “the context of sustainable development” and states actions should be "in a manner that does
not threaten food production” to ensure food security.

Many countries have included food systems in their mitigation and adaptation plans as found in their
NDCs for the Paris Agreement (Rosenzweig et al. 2018a). Richards et al. (2015) analysed 160 Party
submissions and found that 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 climate-smart and sustainable (e.g.,
crop and livestock management), but less to the enabling services that can facilitate uptake (e.g.,
climate information services, insurance, credit). Considerable finance is needed for agricultural
adaptation and mitigation by least developed countries — in the order of USD 3 billion annually for
adaptation and USD 2 billion annually for mitigation, which may be an underestimate due to a small
sample size (Richards et al. 2015). On the mitigation side, none of the largest agricultural emitters
included sector-specific contributions from the agriculture sector in their NDCs, but most included
agriculture in their economy-wide targets (Richards et al. 2018).

Carbon dioxide removal (CDR). A key aspect regarding the implementation of measures to achieve
the Paris Agreement goals 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 to 1.5°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 for BECCS alone to help limit warming to 1.5°C in the range of 109-990 Mha, most
commonly around 380-700 Mha.

Most scenarios assume very rapid deployment between 2030 and 2050, reaching rates of expansion in
land use in 1.5°C scenarios exceeding 20 M ha yr?, which are unprecedented for crops and forestry
reported in the FAO database from 1961. Achieving the 1.5 °C target would thus result in major
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competing demands for land between climate change mitigation and food production, with cascading
impacts on food security.

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, Cross-Chapter Box 6:
Agricultural intensification). To accomplish this, farmers would 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 demand-side changes including dietary choices that enable
reduction of the land footprint 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 utilises the common framework of the Representative Concentration Pathways (RCPS)
and the Shared Socio-economic Pathways (SSPs) (Popp 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 Cross-Chapter Box 1: Scenarios in Chapter 1, Section 5.2 and 5.6).

New work utilising these scenario approaches has shown that the food system externalises costs onto
human health and the environment (Springmann et al. 2018a; Swinburn et al. 2019; Willett et al.
2019), leading to calls for transforming the food system to deliver better human and sustainability
outcomes (Willett et al. 2019; IAP 2018; Development Initiatives 2018; Lozano et al. 2018). Such a
transformation could be an important lever to address the complex interactions between climate
change and food security. Through acting on mitigation and adaptation in regard to both food demand
and food supply we assess the potential for improvements to both human health and the Sustainable
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 since AR5 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 sugar and 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
land-based food systems, though highlighting in places the contributions of freshwater and marine
production.

The chapter assesses new work on the observed and projected effects of CO2 concentrations on the
nutritional quality of crops (Section 5.2.4.2) and emphasises the role of extreme climate events
(Section 5.2.5.1), social aspects including gender and equity (Box 5.1. and Cross-chapter Box 11:
Gender in Chapter 7), and dietary choices (Section 5.4.6, 5.5.2). Other topics with considerable new
literature include impacts on smallholder farming systems (Section 5.2.2.6), food loss and waste
(Section 5.5.2.5), and urban and peri-urban agriculture (Section 5.6.5). The chapter explores the
potential competing demands for land that mitigation measures to achieve temperature targets may
engender, with cascading impacts on food production, food security, and farming systems (Section
5.6), and the enabling conditions for achieving the mitigation and adaptation in equitable and
sustainable ways (Section 5.7). Section 5.8 presents challenges to future food security, including food
price spikes, migration, and conflict.
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5.2 Impactsof climate change on 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. 2017). One major route is via climate change affecting the amount of
food, both from direct impacts on yields (Section 5.2.2.1) and indirect effects through climate
change’s impacts on water availability and quality, pests and diseases (Section 5.2.2.3), and
pollination services (Section 5.2.2.4). Another route is via changing CO: in the atmosphere, affecting
biomass and nutritional quality (Section 5.2.4.2). Food safety risks during transport and storage can
also be exacerbated by changing climate (Section 5.2.4.1).

Further, the direct impacts of changing weather can affect human health through the agricultural
workforce’s exposure to extreme temperatures (Section 5.2.5.1). Through changing metabolic
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 impaired from producing it (Watts 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 section assesses recent literature on climate change impacts on the four pillars of food security:
availability (Section 5.2.2), access (Section 5.2.3), utilisation (Section 5.2.4), and stability (Section
5.2.5). Itconsiders impacts on the food system from climate changes that are already taking place and
how impacts are projected to occur in the future. 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 temperature-related, precipitation-
related, and integrated metrics that combine these and other variables. These are projected to affect
many aspects of the food security pillars (FAO 2018b) (see Supplementary Material Table SM5.2 and
Chapter 6 for assessment of observed and projected climate impacts). Climate drivers relevant to food
production and availability may be categorised as modal climate changes (e.g., shifts in climate
envelopes causing shifts in cropping varieties planted), 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., CO: concentrations, short-lived climate
pollutants (SLCPs), and dust). Water resources for food production will be affected through changing
rates of precipitation and evaporation, ground water levels, and dissolved oxygen content (Cruz-
Blanco et al. 2015; Sepulcre-Canto 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 early 2016 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 food aid (U.S. Department of State 2016;
Huntington et al. 2017) (see Figure 5.3).
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Figure 5.3 Precipitation anomaly and vegetation response in Eastern Africa. (a) Sep2015-Feb2016
Climate Hazards Group Infrared Precipitationwith Station (CHIRPS) precipitationanomaly over Africa
relative to the 1981-2010awerage shows that large areas of Ethiopia receivedless than half of normal
precipitation. Consequently, widespread impacts to agricultural productivity, especiallywithin pastoral
regions, were presentacross Ethiopia as evidenced by (d) reduced greenness in remote sensingimages. (b)
MODIS NDVI anomalies for Sep2015-Feb2016 relative to 2000-2015 average are shown for the inset
box in (a). (c) Landsat NDVI anomalies for Sep2015—Feb2016 relative to 2000-2015awerage are shown
for the insetbox in(b) (Huntington etal. 2017).

Other variables that affect agricultural production, processing, and/or transport are solar radiation,
wind, humidity, and (in coastal areas) salinisation and storm surge (Mutahara et al. 2016; Myers et al.
2017). Extreme climate events resulting in inland and coastal flooding, can affect the ability of people
to obtain and prepare food (Rao et al. 2016; FAO et al. 2018). For direct effects of atmospheric CO»
concentrations on crop nutrient status see Section 5.2.4.2.

5.2.1.1 Short-lived climate pollutants

The important role of short-lived climate pollutants such as ozone and black carbon is increasingly
emphasised since they affect agricultural production through direct effects on crops and indirect
effects on climate (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 leaf-level physiology to whole-canopy and root-system processes and feedbacks; these
impacts affect leaf-level photosynthesis senescence and carbon assimilation, as well as whole-canopy
water and nutrient acquisition and ultimately crop growth and yield (Emberson et al. 2018). Using
atmospheric chemistry and a global integrated assessment model, Chuwah et al. (2015) found that
without a large decrease in air pollutant emissions, high ozone concentration could 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 sensitive to ozone (e.g., soybeans, wheat, rice, oats, green beans,
peppers, and some types of cottons) and C4 crops are moderately sensitive (Backlund et al. 2008).

Methane increases surface ozone which augments warming-induced losses and some quantitative
analyses now include climate, long-lived (CO:) and mulitple short-lived pollutants (CHs, Os)
simultaneously (Shindell et al. 2017; Shindell 2016). Reduction of tropospheric ozone and black
carbon can avoid premature deaths from outdoor air pollution and increases annual crop yields
(Shindell et al. 2012). These actions plus methane reduction can influence climate on shorter time

Subject to Copy-editing
Do Not Cite, Quote or Distribute 5-23 Total pages: 199



© 00 ~NOoO O B~ WNPE

NNNRPRP R RERRERRRR R
NP O OWWwW~NOOU MWwWwNREO

N DNDDNDNDN
~N O Ol h W

W W W WN N
W NP O OO

A DA DA D OWWWWWW
WNPFPO OOoNO O b

e =~
[o2 B &5 N =N

Final Government Distribution Chapter 5 IPCC SRCCL

scales than those of carbon dioxide—reduction measures. Implementing them substantially reduces the
risks of crossing the 2°C threshold and contributes to achievement of the SDGs (Haines et al. 2017;
Shindell et al. 2017).

5.2.2 Climate change impacts on food availability

Climate change impacts food 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 impacts. Since AR5, there have been further studies that document impacts of climate
change on crop production and related variables (See Supplementary Material Table SM5.3). 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 have severe impacts on crop
production (Mavromatis 2015; Innes et al. 2015). At the global scale, lizumi et al. (2018) used a
counterfactual analysis and found that climate change between 1981-2010 has decreased global mean
yields of maize, wheat, and soybeans by 4.1, 1.8 and 4.5%, respectively, relative to preindustrial
climate, even when CO: fertilisation and agronomic adjustments are considered. Uncertainties (90%
probability interval) in the yield impacts are -8.5 to +.5% for maize, -7.5 to +4.3% for wheat, and -8.4
to -0.5% for soybeans. For rice, no significant impacts were detected. This study suggests that climate
change has modulated recent yields 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 climate change with regard to food security,
particularly in developing countries; such areas are known to have low capacities to cope effectively
with decreasing crop yields (Shah et al. 2008; Nellemann et al. 2009). This is of concern because
drylands constitute over 40% of the earth’s land area, and are home to 2.5 billion people (FAO et al.
2011).

Australia. In Australia, declines in rainfall and rising daily maximum temperatures based on
simulations of 50 sites caused water-limited yield potential to decline by 27% from 1990 to 2015,
even though elevated atmospheric COz concentrations had a positive effect (Hochman et al. 2017). In
New South Wales, high-temperature episodes during the reproduction stage of crop growth were
found to have negative effects on wheat yields, with combinations of low rainfall and high
temperatures being the most detrimental (Innes et al. 2015).

Asia. There are numerous studies demonstrating that climate change is affecting agriculture and food
security in Asia. Several studies with remote sensing and statistical data have examined rice areas in
northeastern China, the northernmost region of rice cultivation, and found expansion over various
time periods beginning in the 1980s, with most of the increase occurring after 2000 (Liu et al. 2014;
Wang et al. 2014; Zhang et al. 2017). Rice yield increases have also been found over a similar period
(Wang et al. 2014). Multiple factors, such as structural adjustment, scientific and technological
progress, and government policies, along with regional warming (1.43°C in the past century)
(Fenghua et al. 2006) have been put forward as contributing to the observed expanded rice areas and
yield in the region. Shi et al. (2013) indicate that there is a partial match between climate change
patterns and shifts in extent and location of the rice-cropping area (2000-2010).

There have also been documented changes in winter wheat phenology in Northwest China (He 2015).
Consistent with 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 1981-2011 in a study looking at these crops across China (Liu et al. 2018b). Another study
looking in Norwest China demonstrated that there have been changes in the phenology and
productivity of spring cotton (Huang and Ji 2015). A study looking at wheat growth and yield in
different climate zones of China from 1981-2009 found that impacts were positive in Northern China
and negative in Southern China (Tao et al. 2014). Temperature increased across the zones while
precipitation changes were not consistent (Tao et al. 2014).

Crop yield studies focusing on India have found that warming has reduced wheat yields by 5.2% from
1981 to 2009, despite adaptation (Gupta et al. 2017); that maximum daytime temperatures have risen
along with some night-time temperatures (Jha and Tripathi 2017).

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 decade (Abbas et al. 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 crops (Tariq et al. 2018).

Mountain people in the Hindu-Kush Himalayan region encompassing parts of Pakistan, India, Nepal,
and China, are particularly vulnerable to food insecurity related to climate change because of poor
infrastructure, limited access to global markets, physical isolation, low productivity, and hazard
exposure, including Glacial Lake Outburst Floods (GLOFs) (Rasul 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 been conducted to determine how climate-related changes have affected food
security (Hussain et al. 2016; Shrestha and Nepal 2016) with results showing that the region is
experiencing an increase in extremes, with farmers facing more frequent floods as well as prolonged
droughts with ensuing negative impacts on agricultur