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Land and Human Needs

Basic Spiritual
Food, clothing and Meditation, praying,
shelter finding peace, etc.
Sense of
Recreational Belonging
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Anthropogenic
Impact on Land

Global ice-free land surface 100% (130 Mkm?)

1% (1 = 1% 12% {12 = 149%) 3T% (30 - 47%] 12% (16 ~ 23%) 28% (24 - 31%)
e Irrigated cropland 7% Intensise pasture 206 Flantation forests 2% Unforested ecosy
milfilmal human

Non-irrigated cropland 105

Forests (intact or primary)
4 - . with minimal human use %%
Used savannahs and

shrublands 16%

Forests managad for timber
and other uses 2%

. Humans  affected three
quarters of global ice-free land
surface in a direct or indirect way.

* Humans appropriate one
quarter to one third of the
global potential net primary
production.

* Humans croplands cover 14% of
the global ice-free surface.

e Humans are producing 33%
more food calories per capita if
compared to 1961.




Anthropogenic
Impact on Land

* Humans used 9x the amount of
inorganic nitrogen fertiliser
compared to 1961.

. Humans  doubled their
consumption of irrigation water
during the same period.

* Human activities affect 85% of
forests, 90% of other ecosystems
like grasslands and savannahs,
and causes around 11-14% loss
of biodiversity.

1 Inorganic N fertiliser use

2 Cereal yields

3 Irrigation water volume
4 Total number of ruminant livestock
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Processes underlying land—climate interactions
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Attribution science
Researchers have published more than 170 studies’ examining the role
of human-induced climate change in 190 extreme weather events.

® More severe or more ® Less severe or # No discernible Insufficient data/
likely to occur likely to occur ~ human influence  inconclusive

Heat!

Drought

Rain/
flooding

Oceans

Cold/ice/
SNow

Storms

10 20 30 40 50 60 70
Number of extreme weather events

‘Studies from 2004-18 collated by Nature and CarbonBrief. 'Heat includes heatwaves and wildfires;
Oceans includes studies on marine heat, coral bleaching and marine-ecosystem disruption.
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Climate change and precipitation
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Land use and emissions

Standing forest

€0, €O, CO,

Cleared, degraded forest

Greenhouse gas emissions from
agriculture and land use

Deforestation (clearing of

Land use or soil
land and burning)

management

Wetland rice,
manure management

Methane from
livestock (enteric fermentation)

SOURCE: Baumert, 2005 IAASTD. Design: UNEP/GRID-Arendal, Ketil Berger

Figure SR-CC1b. GHG emissions from agriculture and land use.




Desertification
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Degraded Land Area in the Dryland: 1,035.2 million ha

Europe

99.4

million ha

Asia

370.3

million ha
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America
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Increase in extreme
events (floods,
droughts, fires...)

8

Climate change

Reduced
carbon
reserves and
increased CO,
emissions

Loss of
nutrients
and soil
moisture

Decreased
diversity of
plants and soil
organisms

Biodiversity loss
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Drylands
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Land degradation affects people and ecosystems throughout
the planet and is both affected by climate change and
contributes to it. In this report, land degradation is defined as
a negative trend in land condition, caused by direct or indirect
human-induced processes including anthropogenic climate change,
expressed as long-term reduction or loss of at least one of the
following: biological productivity, ecological integrity, or value to
humans. Forest degradation is land degradation that occurs in forest
land. Deforestation is the conversion of forest to non-forest land and
can result in land degradation. {4.1.3}
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Processes

Focal point

Proximity
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Impacts of climate change

Climate change pressures
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leading to higher ground water
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Land management options

Unsustainable land management Sustainable land management

Restoration and rehabilitation

Degraded land 2o Climate change _ Sustainably managed land

Degradation

Carbon stock
‘ Forest
Agriculture
Net carbon uptake
Sink |+ Forest
Agriculture

Source

o More degraded Less degraded "

< rd

Figure 4.1 | Conceptual figure illustrating that climate change impacts interact with land management to determine sustainable or degraded outcome.
Climate change can exacerbate many degradation processes (Table 4.1) and introduce novel ones (e.g., permafrost thawing or biome shifts), hence management needs to
respond to climate impacts in order to avoid, reduce or reverse degradation. The types and intensity of human land-use and climate change impacts on lands affect their carbon
stocks and their ability to operate as carbon sinks. In managed agricultural lands, degradation typically results in reductions of soil organic carbon stocks, which also adversely
affects land productivity and carbon sinks, In forest land, reduction in biomass carbon stocks alone is not necessarily an indication of a reduction in carbon sinks. Sustainably
managed forest landscapes can have a lower biomass carbon density but the younger forests can have a higher growth rate, and therefore contribute stronger carbon sinks,
than older forests. Ranges of carbon sinks in forest and agricultural lands are overlapping. In some cases, climate change impacts may result in increased productivity and carbon
stocks, at least in the short term.



Effects of decision-maki jall
External drivers and shock a?ﬁcc?!tu:a\jls;?g g;slg,;] ;i;ﬁ;f__g 4 External drivers and shocks

(e.g. market fluctuation, new policy (e.g. extreme weather events
or technology, and climate change) HoE and climate change)

Local environmental
knowledge about
environment sub-system
capabilities and
responses

E-H

Ecosystem services (provisioning,
supporting, requlating, cultural) and
disservices (e.g. land degradation)

Evolving human sub-system (changing Evolving environment sub-system (changing
technology, institutions and human capital) agriculture and forestry systems)
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Figure 4.3.| Map of observed soil erosion rates in database of 4,377 entries by Garcia-Ruiz et al. (2015). The map was published by Li and Fang (2016).
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Figure 4.4 | Proportional global land productivity trends by land-cover/land-use class. (Cropland includes arable land, permanent crops and mixed classes with
over 50% crops; grassland includes natural grassland and managed pasture land; rangelands include shrubland, herbaceous and sparsely vegetated areas; forest land includes
all forest categories and mixed classes with tree cover greater than 40%.) Data source: Copernicus Global Land SPOT VGT, 1999-2013, adapted from (Cherlet et al. 2018).
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Table 4.2 | Interaction of human and climate drivers can exacerbate desertification and land degradation. Climate change exacerbates the rate and magnitude
of several ongoing land degradation and desertification processes. Human drivers of land degradation and desertification include expanding agriculture, agricultural
practices and forest management. In turn, land degradation and desertification are also drivers of climate change through GHG emissions, reduced rates of carbon
uptake, and reduced capacity of ecosystems to act as carbon sinks into the future. Impacts on climate change are either warming (in red) or cooling (in blue).

Issue/ Impact on cli- Human Climate Land management Rileroncas
syndrome mate change driver driver options = = Grazing Warming
&T X Increase soil organic 314,341, pressure trend sT
Erosion of FerE T matter, no-till, perennial 352,371, Agriculture Extreme
agricultural sols Emission: COz, N20 Sﬁ @ Q’l 'f_::’ crops, erosion control, 481,485, practice temperature
e G agroforestry, dietary change | 4.9.2,49.5 oot s :
Forest protection, sustain 4.15,45,483, agriculture trend :®
Deforestation Emission of COz y @ able forest management
484,493 Forest Extreme
and dietary change i il 2L
20 Forest protection,
; Emission of COy 5 4.15,45,483, Wood Shifting —
Forest degradation | oo duced carbon sink M SEERER B 484,493 fuel rains e

Emission: COz, CHa
Increasing albedo

Controlled grazing,
rangeland management

314234,
361,371,
4814

Emission: COz, CHe
Increasing albedo

Clean cooking (health
co-benefits, particularly
for women and children)

363,454,
483,484

Emission: €Oz, CHa,
N0

Emission: aerosols,
increasing albedo

Fuel management,
fire management

314,361,
415,483,

Cross-Chapter
Box 3 in Chp 2

Emission: COz, CHa

494

Emission: COz, CHa

4851

Emission; COz, CHa

4.96,49.7,
498

Emission: aerosols

331,34,
361,371,372

Capturing: COz.
Decreasing albedo

36.13,3732
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Figure 4.7 | The transition from SLM niche adoption to regime shift and landscape development. Figure draws inspiration from Geels (2002), adapted from
Tengberg and Valencia (2018).




Table 4.3 | Synthesis of how the case studies interact with climate change and a broader set of co-benefits.

Case studies (4.9)

Urban green infrastructure (4.9.1)

Mitigation
benefits and
potential

Adaptation

benefits

Co-benefits

have the potential of reducing climate impacts of agriculture while
increasing its overall sustainability

An increasing majority of the world population live in cities and land l == .L &;\ human health, recreation
degradation is an urgent matter for urban areas

Perennial grains (4.9.2)

After 40 years of breeding, perennial grains now seem to ~ reduced use of herbicides, reduced

soil erosion and nutrient leakage

Reforestation (4.9.3)
Two cases of successful reforestation serve as illustrations
of the potential of sustained efforts into reforestation

economic return from sustainable
forestry, reduced flood risk
downstream

Legend
l carbon sink
T reduced emission
2= || reduced flood risk
reduced heat stress

Management of peat soils (4.9.4)
Degradation of peat soils in tropical and Arctic regions is a major source
of greenhouse gases, hence an urgent mitigation option

improved air quality in tropical
regions

drought resistance

Biochar (4.9.5)
Biochar is a land-management technique of high potential,
but controversial

improved soil fertility

storm protection

protection against
sea level rise

Protection against hurricane damages (4.9.6)
More severe tropical cyclones increase the risk of land degradation
in some areas, hence the need for increased adaptation

reduced losses (human lives,
livelihoods, and assets)

Responses to saltwater intrusion (4.9.7)

The combined effect of climate-induced sea level rise and land-use
change in coastal regions increases the risk of saltwater intrusion in
many coastal regions

improved food and water security

Avoiding coastal maladaptation (4.9.8)
Low-lying coastal areas are in urgent need of adaptation, but examples
have resulted in maladaptation

reduced losses (human lives,
livelihoods, and assets)
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Figure 5.1 | Interlinkages between the climate system, food system, ecosystems (land, water and oceans) and socio-economic system. These systems
operate at multiple scales, both global and regional. Food security is an outcome of the food system leading to human well-being, which is also indirectly linked with climate and
ecosystems through the socio-economic system. Adaptation measures can help to reduce negative impacts of climate change on the food system and ecosystems. Mitigation
measures can reduce GHG emissions coming from the food system and ecosystems.



Examples of observed and projected

e e

Food security pillar climate change impacts Sections Examples of adaptation and mitigation
Reduced yields in crop and livestock systems i Development of adaptation practces 53
Reduced yields from lack of pollinators; 52123, Adoption of new technologies, 53235331
pests and diseases 52.24 new and neglected varieties o
Auallsbilty ) Reduced food quality affecting availability 5241, Enhanced resilience by integrated practices, 5323,5334,
Production of food and ts | (o.q_ faod spoilage and loss from mycotoxins) 5525 better food storage 564
o ot 52,51
storage, processing, distribu- | Disruptions to food storage and transport networks 5.!!-1. Reduction of food demand by reducing waste, 5.3.4,552,57
tion, sale andlor exchange | from change in cimate, including extremes 561, Boxss | Mocibing diets o
Closing of crop yield and livestock productivity gaps | 5.6.4.4,5.7
Risk I including marketing
finsesdal : 5.3.2,5.7
Yield reductions, changes in farmer livelihoods, 52.2.1, | Integrated agricultural practices to build 564
limitations on ability to purchase food 5.2.2.2 resilient livelinoods
Price rise and spike effects on low-income consumers, 513,523,
M‘Em in particular women and children, due to lack of 5254, ph ciain 533,534
Ability to obtain food, 5 i Box 5.1 {e.0., reducing loss and waste)
including effects of price LR
:mamm :mﬁm. w::eﬁc:l 581 by comate tesdlant focd systar, shortined 57
% o ' supply chains, ditary change, market change
Jrpac i iopdsatuy e RcREsk] p R eccH 5241 Improved storage and cold chains 533,534
Utisation ] Zndivdn
Achievement of food Decline in nutritional quality resulting from increasing 5242 Adaptive crop and livestock varieties, healthy diets, 534.552,57
potential through nutrition, heric C02 =L better sanitation TS
cooking health Increased exposure o diantheal and other infecious |
diseases due to increased risk of flooding
PR ey el st s,
s e eyl by | SI3581 | e s vty | 54575
Continuous availability food lass and waste
and access to food
‘Widespread crop failure contributing Crop insurance for farmers to cope
o to and conflic S A Rt el 5322,57
Capacity building to develop resilient systems 5.36,5.74
. . " . s tod Increased food system productivity and efficiency
£ : 5. {e.g., supply side mitigation, reducing waste, 55.1,57
is climate
impacted by change hetzry change)
Increasing obesity and ill health through narmow focus 1 Increased production of healthy food and reduced §52.57
Combined Systemic on adapting limited number of dity crops ’ ion of energy-intensive products o
impacts from interactions = Al Development of climate smart food systems
of all four piflars nndGHG.m Box6 by reducing GHG emissions, building resilience, 533,57
adapting to dlimate change
and
Increasing food insecurity due to competition for land L
o 561 (including food aid) that take into consideration 5.2.5,5.7
and natural resources (e.g., for land-based mitigation) | gender and equity.




Table 5.2 | Global prevalence of various forms of malnutrition.

HLI:E;?” SO(':QZOT? GNR 2017 SO(T:L\ZOTB GNR2018
Overweight but not obese? 1.3 billion 1.29 billion 1.34 billion (38,9%)¢
Overweight under five 41 million 41 million 41 million 38 million 38 million
Obesity® 600 million 600 million (13%) 641 million 672 million 678 million (13,1%)°
Undernourishment 800 million 815 million 815 million 821 million
Stunting under five 155 million 155 million 155 milliond 151 million 151 million? (22%)
Wasting under five 52 million 52 million (8%) 52 million¢ 50 million 51 milliond (7%)
MND (iron) 19.2% of pregnant women® z? :p‘:':;:;’:ve - :E ;’::'I's':"g:";':;:o - ?:E'S;%Td{;;f?;d ?;En::;;;nnd{:ﬁiﬂged

HLPE: High Level Panel of Experts on Food Security and Nutrition; 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 anaemia as a proxy (percentage of pregnant women whose haemoglobin level is less than 110 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).

3 Body mass index between 25 kg m~2 and 29.9 kg m=2.

® Body mass index greater than 30 kg m™2.

¢ Prevalence of overweight/obesity among adults (age =18) in year 2016. Data from NCD Risc data source.
4 UNICEF WHO Joint Malnutrition.

¢In 2011.

f Anaemia prevalence in girls and women aged 15 to 49.

' Does not take into account terrestrial production of feed.




Increase of temperature

Water

Increase water consumption 2 to 3 times

Forage

Decrease nutrient availability

Increase herbage growth on C4 species (30°C-35°C)
Decrease feed intake and efficiency of feed conversion

Production
High producing dairy cows decrease milk production

Meat production in ruminants decreases because of
a reduction in body size, carcass weight, and fat thickness

Reproduction
Decreases reproduction of cows, pigs, and poultry
of both sexes

Reduce reproduction efficiency on hens and consequently
egg production

Health

May induce high mortality in grazing cattle

New diseases may affect livestock immunity

Prolonged high temperature may affect livestock health

Increase of {e.g. Protein and lipid metabolism, liver functionality) ion variation

Forage Forage Diseases Forage
Changes in herbage growth [VAEEEGTHHT) Increases: Long dry seasons decrease:
(more effect on C3 species) [ ERHEE ~ Pathogens — Forage quality
Decreases forage quality — Shifting of — Parasites — Forage growth
(more effect on C3 species) csﬁascma‘l pattern| - gisease spreading — Biodiversity
Positive effects on plants: [k L LI ~ Disease transmission o
panislamatndesre A I Newdseaes R
— Reduce transpiration ~ Changing availability — Qutbreak of severe disease prinees
= Impmvewater-use - of water — Spreading of vector- —teaF rowthirate

efﬂdency borne diseases :



Table 5.3 | Synthesis of food security related adaptation options to address climate risks (IPCC 2014b; Vermeulen et al. 2013, 2018; Burnham and Ma 2016;

Bhatta and Aggarwal 2016).

Key climate drivers and risks

Incremental adaptation

Transformational adaptation

Enabling conditions

— Extreme events and short-term
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.g., charcoal, wild fruits, wood,
temporary work)

— Soil management, composting

— Early Warning Systems

— Planning for and prediction of seasonal
to intra-seasonal climate risks to
transition to safer food conditions

— 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 programmes

— 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 pest and disease damage

— Strategies to reduce effects of recurring
food challenges

— Sustainable intensification, agroforestry,
conservation agriculture, SLM

— Adoption of existing drought-tolerant
crop and livestock species

— Counter season crop production

— Livestock fattening

— New ecosystem-based adaptation
(e.g., bee keeping, woodlots)

— Farmers management of natural
resources

— Labour redistribution (e.g., mining,
development projects, urban migration)

~ Adjustments to markets and trade
pathways already in place

— Climate services for new agricultural
programmes (e.g., sustainable
irrigation districts)

— New technology (e.g., new farming
systems, new crops and livestock breeds)

— Switches between cropping and transhu-
mant livelihoods, replacement of pasture
or forest to irrigated/rainfed crops

~ Shifting to small ruminants or drought
resistant livestock or fish farming

— Food storage infrastructures,
food transformation

— Changes in cropping area, land
rehabilitation (enclosures, afforestation)
perennial farming

— New markets and trade pathways

— Climate information in local
development policies

— Stallholders' access to credit
and production resources

— National food security programme based
on increased productivity, diversification,
transformation and trade

— Strengthening (budget, capacities,
expertise) of local and national
institutions to support agriculture
and livestock breeding

— Devolution to local communities,
women's empowerment,
market opportunities

- Incentives for establishing new markets
and trade pathways




Table 5.4 | GHG emissions (GtCO2-eq yr-') from the food system and their contribution (%) to total anthropogenic emissions.
Mean of 2007-2016 period.

Food system component Emissions (Gt COzeq yr™'") Share in mean total emissions (%)
Agriculture 6.2+ 1.42b 10-14%
Land use 49+25° 5-14%
Beyond farm gate 2.6¢-5.24 5-10%"*
Food system (total) 10.8-19.1 21-37%

Notes: Food system emissions are estimated from a) FAOSTAT (2018), b) US EPA (2012), c) Poore and Nemecek (2018) and d) Fischedick et al. (2014) (using square root of
sum of squares of standard deviations when adding uncertainty ranges; see also Chapter 2); ) rounded to nearest fifth percentile due to assessed uncertainty in estimates.
Percentage shares were computed by using a total emissions value for the period 2007-2016 of nearly 52 GtCOz-eq yr~' (Chapter 2), using GWP values of the IPCC AR5 with
no climate feedback (GWP-CH4=28; GWP-N,0=265).
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Figure 5.9 | Cropland GHGs consist of CHs from rice cultivation, CO2, N20, and CHs4 from peatland draining, and N20 from N fertiliser application.
Total emissions from each grid cell are concentrated in Asia, and are distinct from patterns of production intensity (Carlson et al. 2017).
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Figure 5.10 | Global GHG emissions from livestock for 1995-2005 (adapted from Herrero et al. 2016a).



Mitigation practice

Land use

Enteric

fermentation

Animal
husbandry

Reforestation

Savannah
burning

Reduced
deforestation

Woody biomass
growth

Agroforestry

Inhibitors
(3-NOP, algae etc.)

Feed additives/
vaccines

| Improvedfeed

digestibility

Enhancing
animal
productivity

_Ammal

Electron receptors
(fumarates,
nitrates etc.)

Forage quality  _
and management

Animal genetics

Vaccine against
methanogens

lonophores
(monensin etc.)

Concentrate
inclusion

Reduced age at
harvest and days
on feed

Plant bioactive compounds (tannins,
saponins and essentail oils)

Direct fed
microbials

Precision feeding

i and feed analyses I

Hormonal growth
promotants

Exogenous
enzymes

Fill feed gaps

Reduced age at
harvest and reduced
days on feed

Dietary lipids
(vegetable and
animal oils)

Defaunation




Processing

Others

G ENEN
cogeneration

Anaerobic
digesters

Using biogas
as boiler fuel

Treatment
of biogas

Improving
refrigeration
technologies

Covering
anaerobic lagoons

Refrigeration
technologies

Purchasing
carbon offsets

Alterative
energy sources

Reduce
transport
emissions

igure 5.11 | Technical supply-side mitigation practices in the livestock sector (adapted from Hristov et al. 2013b; Herrero et al. 2016b and Smith et al. 2014).




Demand-side mitigation
GHG mitigation potential of different diets

Vegan
No animal source food

Vegetarian
Meat/seafood once a month

Flexitarian
Limited meat and dairy

Healthy diet |
Limited sugar, meat and dairy I

Fair and frugal |
Limited animal source food but rich in calories !

Pescetarian
Diet consisting of seafood

Climate carnivore
Limited ruminant meat and dairy

Mediterranean
Moderate meat but rich in vegetables

0 1 2 3 4 5 6 7 8
Demand-side GHG mitigtion potential (GtCO,-eq yr™)

Figure 5.12 | Technical mitigation potential of changing diets by 2050 according to a range of scenarios examined in the literature. Estimates indicate
technical potential only and include additional effects of carbon sequestration from land-sparing. Data without error bars are from one study only.
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Relation of climate shocks to food price spikes

Climatic
________________ trigger FERES RS, Agriculture expansion

extreme GHG emissions
weather

Shocks from other sectors Svstar shocke Incrassn Systems under
oil, biofuel, geo-politics, economy y Increasing increasing pressure
demand growth,
resource competition

—— o

Markets, market
rules and policies
concentration, power,

WTO, transparency Internal feedbacks
I Shocks speculation, stock levels,

I Endogenous factors export bans, panic buying
I mpacts

—> Direct effects

- = Indirect effects and feedbacks

Price spikes and volatility

Figure 5.17 | Underlying processes that affect the development of a food price spike in agricultural commodity markets (Challinor et al. 2018).
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