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Potential global contribution of response options to mitigation, adaptation,
combating desertification and land degradation, and enhancing food security

Panel B shows response options that rely on additional land-use change and could have implications across three or more land
challenges under different implementation contexts. For each option, the first row (high level implementation) shows a quantitative
assessment (as in Panel A) of implications for global implementation at scales delivering CO2 removals of more than 3 GtCO2 yr!using
the magnitude thresholds shown in Panel A. The red hatched cells indicate an increasing pressure but unquantified impact. For each
option, the second row (best practice implementation) shows qualitative estimates of impact if implemented using best practices in
appropriately managed landscape systems that allow for efficient and sustainable resource use and supported by appropriate
governance mechanisms. In these qualitative assessments, green indicates a positive impact, grey indicates a neutral interaction.

Bioenergy and BECCS

Mitigation Adaptation Desertification Land degradation Food security Cost

oA

High level: Impacts on adaptation, desertification, land degradation and food security are maximum potential impacts, assuming carbon dioxide removal by BECCS at
ascale of 11.3 GtCO2 yr* in 2050, and noting that bioenergy without CCS can also achieve emissions reductions of up to several GtCO2 yr* when it is a low carbon energy
source {2.7.1.5; 6.4.1.1.5}. Studies linking bioenergy to food security estimate an increase in the population at risk of hunger to up to 150 million people at this level of
implementation {6.4.5.1.5}. The red hatched cells for desertification and land degradation indicate that while up to 15 million kmz of additional land is required in 2100
in 2°C scenarios which will increase pressure for desertification and land degradation, the actual area affected by this additional pressure is not easily quantified
{6.4.3.1.5; 6.4.4.1.5}.

Mitigation Adaptation Desertification Land degradation Food security

Best practice: The sign and magnitude of the effects of bioenergy and BECCS depends on the scale of deployment, the type of bioenergy feedstock, which other
response options are included, and where bioenergy is grown (including prior land use and indirect land use change emissions). For example, limiting bioenergy
production to marginal lands or abandoned cropland would have negligible effects on biodiversity, food security, and potentially co-benefits for land degradation;
however, the benefits for mitigation could also be smaller. {Table 6.58}

Reforestation and forest restoration
Mitigation Adaptation Desertification Land degradation Food security Cost

High level: Impacts on adaptation, desertification, land degradation and food security are maximum potential impacts assuming implementation of reforestation and
forest restoration (partly overlapping with afforestation) at a scale of 10.1 GtCO2 yr* removal {6.4.1.1.2}. Large-scale afforestation could cause increases in food prices of

80% by 2050, and more general mitigation measures in the AFOLU sector can translate into a rise in undernourishment of 80-300 million people; the impact of
reforestation is lower {6.4.5.1.2}.

Mitigation Adaptation Desertification Land degradation Food security

Best practice: There are co-benefits of reforestation and forest restoration in previously forested areas, assuming small scale deployment using native species and
involving local stakeholders to provide a safety net for food security. Examples of sustainable implementation include, but are not limited to, reducing illegal logging
and halting illegal forest loss in protected areas, reforesting and restoring forests in degraded and desertified lands {Box6.1C; Table 6.6}.

Afforestation
Mitigation Adaptation Desertification Land degradation Food security Cost

High level: Impacts on adaptation, desertification, land degradation and food security are maximum potential impacts assuming implementation of afforestation

(partly overlapping with reforestation and forest restoration) at a scale of 8.9 GtCO2 yr* removal {6.4.1.1.2}. Large-scale afforestation could cause increases in food prices
of 80% by 2050, and more general mitigation measures in the AFOLU sector can translate into a rise in undernourishment of 80-300 million people {6.4.5.1.2}.

Mitigation Adaptation Desertification Land degradation Food security

Best practice: Afforestation is used to prevent desertification and to tackle land degradation. Forested land also offers benefits in terms of food supply, especially when
forest is established on degraded land, mangroves, and other land that cannot be used for agriculture. For example, food from forests represents a safety-net during
times of food and income insecurity {6.4.5.1.2}.

Biochar addition to soil
Mitigation Adaptation Desertification Land degradation Food security Cost

High level: Impacts on adaptation, desertification, land degradation and food security are maximum potential impacts assuming implementation of afforestation at a

scale of 6.6 GtCO2 yr* removal {6.4.1.1.3}. Dedicated energy crops required for feedstock production could occupy 0.4-2.6 Mkm?2 of land, equivalent to around 20% of
the global cropland area, which could potentially have a large effect on food security for up to 100 million people {6.4.5.1.3}.

Mitigation Adaptation Desertification Land degradation Food security

Best practice: When applied to land, biochar could provide moderate benefits for food security by improving yields by 25% in the tropics, but with more limited
impacts in temperate regions, or through improved water holding capacity and nutrient use efficiency. Abandoned cropland could be used to supply biomass for
biochar, thus avoiding competition with food production; 5-9 Mkm? of land is estimated to be available for biomass production without compromising food security
and biodiversity, considering marginal and degraded land and land released by pasture intensification {6.4.5.1.3}.
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Figure SPM.3 Potential global contribution of response options to mitigation, adaptation,
combating desertification and land degradation, and enhancing food security.

This Figure is based on an aggregation of information from studies with a wide variety of assumptions about how
response options are implemented and the contexts in which they occur. Response options implemented differently at
local to global scales could lead to different outcomes. Magnitude of potential: For panel A, magnitudes are for the
technical potential of response options globally. For each land challenge, magnitudes are set relative to a marker level
as follows. For mitigation, potentials are set relative to the approximate potentials for the response options with the
largest individual impacts (~3 GtCO-eq yr!). The threshold for the “large” magnitude category is set at this level.
For adaptation, magnitudes are set relative to the 100 million lives estimated to be affected by climate change and a
carbon-based economy between 2010 and 2030. The threshold for the “large” magnitude category represents 25% of
this total. For desertification and land degradation, magnitudes are set relative to the lower end of current estimates of
degraded land, 10-60 million km?. The threshold for the “large” magnitude category represents 30% of the lower
estimate. For food security, magnitudes are set relative to the approximately 800 million people who are currently
undernourished. The threshold for the “large” magnitude category represents 12.5% of this total. For panel B, for the
first row (high level implementation) for each response option, the magnitude and thresholds are as defined for panel
A. In the second row (best practice implementation) for each response option, the qualitative assessments that are
green denote potential positive impacts, and those shown in grey indicate neutral interactions. Increased food
production is assumed to be achieved through sustainable intensification rather than through injudicious application
of additional external inputs such as agrochemicals. Levels of confidence: Confidence in the magnitude category
(high, medium or low) into which each option falls for mitigation, adaptation, combating desertification and land
degradation, and enhancing food security. High confidence means that there is a high level of agreement and evidence
in the literature to support the categorisation as high, medium or low magnitude. Low confidence denotes that the
categorisation of magnitude is based on few studies. Medium confidence reflects medium evidence and agreement in
the magnitude of response. Cost ranges: Cost estimates are based on aggregation of often regional studies and vary
in the components of costs that are included. In panel B, cost estimates are not provided for best practice
implementation. One coin indicates low cost (KUSD10 tCO,-eq! or <USD20 ha™), two coins indicate medium cost
(USD10-USD100 tCO,-eq! or USD20-USD200 ha'!), and three coins indicate high cost (>USD100 tCO-eq"' or
USD200 ha!). Thresholds in USD ha'! are chosen to be comparable, but precise conversions will depend on the
response option. Supporting evidence: Supporting evidence for the magnitude of the quantitative potential for land
management-based response options can be found as follows: for mitigation tables 6.13 to 6.20, with further evidence
in Section 2.7.1; for adaptation tables 6.21 to 6.28; for combating desertification tables 6.29 to 6.36, with further
evidence in Chapter 3; for combating degradation tables 6.37 to 6.44, with further evidence in Chapter 4; for enhancing
food security tables 6.45 to 6.52, with further evidence in Chapter 5. Other synergies and trade-offs not shown here
are discussed in Chapter 6. Additional supporting evidence for the qualitative assessments in the second row for each
option in panel B can be found in the tables 6.6, 6.55, 6.56 and 6.58, section 6.3.5.1.3, and Box 6.1c.
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C. Enabling response options

Cl. Appropriate design of policies, institutions and governance systems at all
scales can contribute to land-related adaptation and mitigation while facilitating the pursuit
of climate-adaptive development pathways (high confidence). Mutually supportive climate
and land policies have the potential to save resources, amplify social resilience, support
ecological restoration, and foster engagement and collaboration between multiple
stakeholders (high confidence). {Figure SPM.1, Figure SPM.2, Figure SPM.3; 3.6.2, 3.6.3,
4.8,4.94,5.7,6.3,64,7.2.2,7.3,7.4,7.4.7,7.4.8,7.5,7.5.5,7.5.6, 7.6.6; Cross-Chapter Box 10
in Chapter 7}

Cl1.1. Land-use zoning, spatial planning, integrated landscape planning, regulations,
incentives (such as payment for ecosystem services), and voluntary or persuasive instruments
(such as environmental farm planning, standards and certification for sustainable production, use
of scientific, local and indigenous knowledge and collective action), can achieve positive
adaptation and mitigation outcomes (medium confidence). They can also contribute revenue and
provide incentive to rehabilitate degraded lands and adapt to and mitigate climate change in certain
contexts (medium confidence). Policies promoting the target of land degradation neutrality can
also support food security, human wellbeing and climate change adaptation and mitigation (high
confidence). {Figure SPM.2;3.4.2,4.1.6,4.7,4.8.5,5.1.2,5.7.3,7.3,7.4.6,7.4.7, 7.5}

Cl1.2. Insecure land tenure affects the ability of people, communities and organisations to
make changes to land that can advance adaptation and mitigation (medium confidence). Limited
recognition of customary access to land and ownership of land can result in increased vulnerability
and decreased adaptive capacity (medium confidence). Land policies (including recognition of
customary tenure, community mapping, redistribution, decentralisation, co-management,
regulation of rental markets) can provide both security and flexibility response to climate change
(medium confidence). {3.6.1,3.6.2,5.3,7.2.4, 7.6.4, Cross-Chapter Box 6 in Chapter 5}

Cl1.3. Achieving land degradation neutrality will involve a balance of measures that avoid
and reduce land degradation, through adoption of sustainable land management, and measures to
reverse degradation through rehabilitation and restoration of degraded land. Many interventions to
achieve land degradation neutrality commonly also deliver climate change adaptation and
mitigation benefits. The pursuit of land degradation neutrality provides impetus to address land
degradation and climate change simultaneously (high confidence). {4.5.3, 4.8.5,4.8.7, 7.4.5}
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Cl.4. Due to the complexity of challenges and the diversity of actors involved in
addressing land challenges, a mix of policies, rather than single policy approaches, can deliver
improved results in addressing the complex challenges of sustainable land management and
climate change (high confidence). Policy mixes can strongly reduce the vulnerability and exposure
of human and natural systems to climate change (high confidence). Elements of such policy mixes
may include weather and health insurance, social protection and adaptive safety nets, contingent
finance and reserve funds, universal access to early warning systems combined with effective
contingency plans (high confidence). {1.2,4.8,4.9.2,5.3.2,5.6,5.6.6,5.7.2,7.3.2,7.4,7.4.2,7.4.6,
7.4.7,7.4.8,7.5.5,7.5.6, 7.6.4, Figure SPM.4}

C2. Policies that operate across the food system, including those that reduce food
loss and waste and influence dietary choices, enable more sustainable land-use management,
enhanced food security and low emissions trajectories (high confidence). Such policies can
contribute to climate change adaptation and mitigation, reduce land degradation,
desertification and poverty as well as improve public health (high confidence). The adoption
of sustainable land management and poverty eradication can be enabled by improving access
to markets, securing land tenure, factoring environmental costs into food, making payments
for ecosystem services, and enhancing local and community collective action (high
confidence). {1.1.2,1.2.1, 3.6.3,4.7.1,4.7.2, 4.8, 5.5, 6.4, 7.4.6, 7.6.5}

C2.1. Policies that enable and incentivise sustainable land management for climate
change adaptation and mitigation include improved access to markets for inputs, outputs and
financial services, empowering women and indigenous peoples, enhancing local and community
collective action, reforming subsidies and promoting an enabling trade system (high confidence).
Land restoration and rehabilitation efforts can be more effective when policies support local
management of natural resources, while strengthening cooperation between actors and institutions,
including at the international level. {3.6.3, 4.1.6,4.5.4,4.8.2,4.8.4,5.7,7.2}

C2.2. Reflecting the environmental costs of land-degrading agricultural practices can
incentivise more sustainable land management (high confidence). Barriers to the reflection of
environmental costs arise from technical difficulties in estimating these costs and those embodied
in foods. {3.6.3,5.5.1,5.5.2,5.6.6, 5.7, 7.4.4, Cross-Chapter Box 10 in Chapter 7}

C2.3. Adaptation and enhanced resilience to extreme events impacting food systems can
be facilitated by comprehensive risk management, including risk sharing and transfer mechanisms
(high confidence). Agricultural diversification, expansion of market access, and preparation for
increasing supply chain disruption can support the scaling up of adaptation in food systems (high
confidence). {5.3.2,5.3.3,5.3.5}
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C2.4. Public health policies to improve nutrition, such as increasing the diversity of food
sources in public procurement, health insurance, financial incentives, and awareness-raising
campaigns, can potentially influence food demand, reduce healthcare costs, contribute to lower
GHG emissions and enhance adaptive capacity (high confidence). Influencing demand for food,
through promoting diets based on public health guidelines, can enable more sustainable land
management and contribute to achieving multiple SDGs (high confidence). {3.4.2,4.7.2,5.1, 5.7,
6.3, 6.4}

C3. Acknowledging co-benefits and trade-offs when designing land and food
policies can overcome barriers to implementation (medium confidence). Strengthened
multilevel, hybrid and cross-sectoral governance, as well as policies developed and adopted
in an iterative, coherent, adaptive and flexible manner can maximise co-benefits and
minimise trade-offs, given that land management decisions are made from farm level to
national scales, and both climate and land policies often range across multiple sectors,
departments and agencies (high confidence). {Figure SPM.3; 4.8.5, 4.9, 5.6, 6.4, 7.3, 7.4.6,
7.4.8,7.4.9,7.5.6,7.6.2}

C3.1. Addressing desertification, land degradation, and food security in an integrated,
coordinated and coherent manner can assist climate resilient development and provides numerous
potential co-benefits (high confidence). {3.7.5, 4.8, 5.6, 5.7, 6.4, 7.2.2,7.3.1, 7.3.4, 7.4.7, 7.4.8,
7.5.6,7.5.5}

C3.2. Technological, biophysical, socio-economic, financial and cultural barriers can
limit the adoption of many land-based response options, as can uncertainty about benefits (high
confidence). Many sustainable land management practices are not widely adopted due to insecure
land tenure, lack of access to resources and agricultural advisory services, insufficient and unequal
private and public incentives, and lack of knowledge and practical experience (high confidence).
Public discourse, carefully designed policy interventions, incorporating social learning and market
changes can together help reduce barriers to implementation (medium confidence). {3.6.1, 3.6.2,
53.5,552,56,62,64,74,7.5,7.6}

C3.3. The land and food sectors face particular challenges of institutional fragmentation
and often suffer from a lack of engagement between stakeholders at different scales and narrowly
focused policy objectives (medium confidence). Coordination with other sectors, such as public
health, transportation, environment, water, energy and infrastructure, can increase co-benefits,
such as risk reduction and improved health (medium confidence). {5.6.3, 5.7, 6.2, 6.4.4,7.1, 7.3,
7.4.8,7.6.2,7.6.3}
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C3.4. Some response options and policies may result in trade-offs, including social
impacts, ecosystem functions and services damage, water depletion, or high costs, that cannot be
well-managed, even with institutional best practices (medium confidence). Addressing such trade-
offs helps avoid maladaptation (medium confidence). Anticipation and evaluation of potential
trade-offs and knowledge gaps supports evidence-based policymaking to weigh the costs and
benefits of specific responses for different stakeholders (medium confidence). Successful
management of trade-offs often includes maximising stakeholder input with structured feedback
processes, particularly in community-based models, use of innovative fora like facilitated
dialogues or spatially explicit mapping, and iterative adaptive management that allows for
continuous readjustments in policy as new evidence comes to light (medium confidence). {5.3.5,
6.4.2,6.4.4,6.4.5,7.5.6; Cross-Chapter Box 13 in Chapter 7}

C4. The effectiveness of decision-making and governance is enhanced by the
involvement of local stakeholders (particularly those most vulnerable to climate change
including indigenous peoples and local communities, women, and the poor and marginalised)
in the selection, evaluation, implementation and monitoring of policy instruments for land-
based climate change adaptation and mitigation (high confidence). Integration across sectors
and scales increases the chance of maximising co-benefits and minimising trade-offs (medium
confidence). {1.4,3.1, 3.6, 3.7, 4.8, 4.9, 5.1.3, Box 5.1, 7.4, 7.6}

C4.1. Successful implementation of sustainable land management practices requires
accounting for local environmental and socio-economic conditions (very high confidence).
Sustainable land management in the context of climate change is typically advanced by involving
all relevant stakeholders in identifying land-use pressures and impacts (such as biodiversity
decline, soil loss, over-extraction of groundwater, habitat loss, land-use change in agriculture, food
production and forestry) as well as preventing, reducing and restoring degraded land (medium
confidence). {1.4.1,4.1.6,4.8.7,5.2.5,7.2.4,7.6.2,7.6.4}

C4.2. Inclusiveness in the measurement, reporting and verification of the performance of
policy instruments can support sustainable land management (medium confidence). Involving
stakeholders in the selection of indicators, collection of climate data, land modelling and land-use
planning, mediates and facilitates integrated landscape planning and choice of policy (medium
confidence). {3.7.5,5.7.4,7.4.1,7.4.4,7.5.3,7.5.4,7.5.5,7.6.4,7.6.6}

C4.3. Agricultural practices that include indigenous and local knowledge can contribute
to overcoming the combined challenges of climate change, food security, biodiversity
conservation, and combating desertification and land degradation (high confidence). Coordinated
action across a range of actors including businesses, producers, consumers, land managers and
policymakers in partnership with indigenous peoples and local communities enable conditions for
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the adoption of response options (high confidence) {3.1.3, 3.6.1, 3.6.2, 4.8.2, 5.5.1, 5.6.4, 5.7.1,
5.7.4,62,7.3,74.6,7.6.4}

C4.4. Empowering women can bring synergies and co-benefits to household food
security and sustainable land management (high confidence). Due to women’s disproportionate
vulnerability to climate change impacts, their inclusion in land management and tenure is
constrained. Policies that can address land rights and barriers to women’s participation in
sustainable land management include financial transfers to women under the auspices of anti-
poverty programmes, spending on health, education, training and capacity building for women,
subsidised credit and program dissemination through existing women’s community-based
organisations (medium confidence). {1.4.1,4.8.2,5.1.3, Box 5.1, Cross-Chapter Box 11 in Chapter
7}.
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A. Pathways linking socioeconomic development, mitigation responses and land

Socioeconomic development and land management influence the evolution of the land system including the relative amount of land
allocated to CROPLAND, PASTURE, BIOENERGY CROPLAND, FOREST, and NATURAL LAND. The lines show the median across Integrated
Assessment Models (IAMs) for three alternative shared socioeconomic pathways (SSP1, SSP2 and SSP5 at RCP1.9); shaded areas show
the range across models. Note that pathways illustrate the effects of climate change mitigation but not those of climate change impacts

or adaptation.

A. Sustainability-focused (SSP1)
Sustainability in land management,
agricultural intensification, production
and consumption patterns result in
reduced need for agricultural land,
despite increases in per capita food
consumption. This land can instead be
used for reforestation, afforestation, and
bioenergy.

SSP1 Sustainability-focused
Change in Land from 2010 (Mkm?2)
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B. Middle of the road (SSP2)

Societal as well as technological
development follows historical patterns.
Increased demand for land mitigation
options such as bioenergy, reduced
deforestation or afforestation decreases
availability of agricultural land for food,
feed and fibre.

SSP2 Middle of the road
Change in Land from 2010 (Mkm?2)

C. Resource intensive (SSP5)
Resource-intensive production and
consumption patterns, results in high
baseline emissions. Mitigation focuses on
technological solutions including
substantial bioenergy and BECCS .
Intensification and competing land uses
contribute to declines in agricultural land.

SSP5 Resource intensive
Change in Land from 2010 (Mkm?2)
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B. Land use and land cover change in the SSPs

SSP1

SSP2

SSP3

SSP4

SSP5

Quantitative indicators

for the SSPs

RCP1.9in 2050
= 2100

RCP2.6 in 2050
L. 2100

RCP4.5 in 2050
L 2100
Baseline in 2050
= 2100

RCP1.9in 2050
= 2100

RCP2.6 in 2050
L. 2100

RCP4.5 in 2050
= 2100
Baseline in 2050
= 2100

RCP1.9in 2050
= 2100
RCP2.6 in 2050
L. 2100

RCP4.5 in 2050
L 2100
Baseline in 2050
= 2100

RCP1.9in 2050
= 2100

RCP2.6 in 2050
L. 2100

RCP4.5 in 2050
= 2100
Baseline in 2050
= 2100

RCP1.9 in 2050
= 2100
RCP2.6 in 2050
L. 2100
RCP4.5in 2050
L 2100
Baseline in 2050
= 2100

Count of
models
included*
5/5
5/5

5/5

5/5

4/5

5/5

5/5

5/5

3/3

4/4

3/3

3/3

3/3

2/4

4/4

4/4

4/4

Change in Natural Change in Bioenergy
Land from 2010 Cropland from 2010
Mkm?2 Mkm?2
0.5 (-49, 1) 2.1(09,5)
0(-7.3,71) 4.3(1.5,72)
-0.9 (2.2, 1.5) 1.3 (0.4, 19)
0.2 (-3.5, 1.1) 51(16, 6.3)
0.5 (-1, 1.7) 0.8 (0.5, 1.3)
1.8 (-1.7, 6) 1.9 (1.4, 3.7)
0.3 (-1.1, 1.8) 0.5 (0.2, 1.4)
3.3(-0.3, 59) 1.8 (1.4, 2.4)
-2.2 (-7, 0.6) 45 (2.1,7)
-2.3(-9.6, 2.7) 6.6 (3.6, 11)
3.2 (-4.2,0.1) 22 (1.7, 4.7)
-5.2 (-7.2, 0.5) 6.9 (2.3, 10.8)
-2.2 (22, 0.7) 1.5(0.1, 21)
-3.4 (4.7, 1.5) 4.1(04, 6.3)
-1.5 (-2.6, -0.2) 0.7 (0, 1.5)
-2.1(-59,0.3) 1.2 (0.1, 2.4)
Infeasible in all assessed models -
Infeasible in all assessed models -
-3.4 (4.4, -2) 1.3(1.3,2)
6.2 (-6.8, -5.4) 4.6 (1.5, 7.1)
-3 (-4.6, -1.7) 1(0.2,15)
-5 (-71, -4.2) 1.1(0.9, 2.5)
Infeasible in all assessed models** =
-4.5 (-6, -2.1) 3.3 (1.5, 4.5)
-5.8 (-10.2, -4.7) 2.5(23,152)
2.7 (4.4, -0.4) 1.7 (1, 1.9)
-2.8 (-7.8, -2) 2.7 (2.3, 4.7)
-2.8 (-2.9, -0.2) 11(0.7,2)
24 (-5, -1) 1.7 (1.4, 2.6)
-1.5(-3.9, 0.9) 6.7 (6.2,72)
-0.5 (4.2, 3.2) 76 (7.2,8)
-3.4 (-6.9, 0.3) 4.8 (3.8, 5.1)
-4.3 (-84, 0.5) 9.1(77,92)
-2.5(-3.7,02) 1.7 (0.6, 2.9)
-4.1 (-4.6,0.7) 48 (2, 8)
-0.6 (-3.8, 0.4) 0.8 (0,21)
-0.2 (-2.4, 1.8) 1(02,23)

Change in Cropland
from 2010
Mkm?2

1.2 (4.6, 0.3)
5.2 (-7.6, -1.8)
-1(-47,1)
3.2(-7.7, -1.8)
0.1(-3.2, 1.5)
2.3 (64, -1.6)
0.2 (-1.6, 1.9)
1.5 (5.7, -0.9)

1.2 (-2, 0.3)
2.9 (-4, 0.1)
0.6 (-1.9, 1.9)
1.4 (-4, 0.8)
1.2 (-0.9, 2.7)
0.7 (-2.6, 3.1)
13 (1, 27)
1.9 (0.8, 2.8)

23 (12, 3)
3.4 (1.9, 45)
2.5(15,3)
5.1(3.8,61)

0.5 (-0.1, 0.9)
0.8 (0.8, 1.8)
11(-0.1, 1.7)
1.1(02, 1.2)
1.1(0.7, 1.8)
1.2(1.2,1.9)

-1.9 (3.5, -0.4)
3.4 (62, -0.5)
-21(-4,1)
3.3 (65, -0.5)
0.6 (-3.3, 1.9)
1(-55,1)
15 (-0.7, 3.3)
1(-2,25)

Change in Forest

IPCC SRCCL

Change in Pasture

from 2010 from 2010
Mkm?2 Mkm?2
34 (-0.1, 9.4) 4.1 (-5.6, -2.5)
7.5 (0.4, 15.8) 6.5 (-12.2, -4.8)
2.6 (-0.1, 8.4) -3 (-4, -2.4)
6.6 (-0.1, 10.5) -55(-9.9, -4.2)
0.6 (-0.7, 4.2) 2.4 (-33,-09)
3.9 (0.2, 88) 4.6 (-7.3, -2.7)
-0.1(-0.8, 1.1) -1.5 (2.9, -0.2)
0.9 (03, 3) 2.1(-7,0)
34(-09,7) 4.8 (-6.2, -0.4)
6.4 (-0.8, 9.5) 7.6 (-11.7, -1.3)
1.6 (-0.9, 4.2) -1.4 (-3.7, 0.4)
56 (-0.9, 5.9) 7.2 (-8, 0.5)
-0.9 (-2.5, 2.9) 0.1 (-2.5, 1.6)
-0.5(-31,59) 2.8 (-53,1.9)
S8 (229, {07 0.1 (-1.2, 1.6)
-1.3 (2.7, -0.2) 0.2 (-1.9, 2.1)
2.4 (-4, -1) 2.1(-0.1, 3.8)
3.1 (-5.5, -0.3) 2(-25,44)
2.5 (-4, -1.5) 2.4 (06, 3.8)
53 (-6, -2.6) 34 (09, 6.4)
0.7 (-0.3, 22) -0.6 (-0.7, 0.1)
14 (-1.7, 4.1) 1.2 (-2.5, -0.2)
-1.8 (2.3, 2.1) 0.8 (-0.5, 1.5)
0.7 (-26,1) 1.4 (-1, 1.8)
-1.8(-23, -1) 15(-0.5, 2.1)
2.4 (-2.5,-2) 1.3 (-1, 4.4)
31 (-01, 6.3) 6.4 (-7.7, -5.1)
4.7 (0.1, 9.4) -8.5(-10.7, -6.2)
39 (-01,6.7) 4.4 (-5,02)
3.9 (-0.1,93) -6.3(-9.1, -1.4)
0.1 (-1.7, 6) 1.2 (-26, 2.3)
0.2 (-1.4, 9.1) 3(-52,21)
-1.9 (-3.4, 0.5) 0.1 (-1.5, 2.9)
2.1 (-34, 1.1) -0.4 (-2.4, 2.8)

* Count of models included / Count of models attempted. One model did not provide land data and is excluded from all entries.

** One model could reach RCP1.9 with SSP4, but did not provide land data
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Figure SPM.4 Pathways linking socioeconomic development, mitigation responses and land

Future scenarios provide a framework for understanding the implications of mitigation and socioeconomics on land.
The Shared Socioeconomic Pathways (SSPs) span a range of different socioeconomic assumptions (Box SPM.1).
They are combined with Representative Concentration Pathways (RCPs)**which imply different levels of mitigation.
The changes in cropland, pasture, bioenergy cropland, forest, and natural land from 2010 are shown. For this figure:
Cropland includes all land in food, feed, and fodder crops, as well as other arable land (cultivated area). This category
includes 1Ist generation non-forest bioenergy crops (e.g. corn for ethanol, sugar cane for ethanol, soybeans for
biodiesel), but excludes 2nd generation bioenergy crops. Pasture includes categories of pasture land, not only high
quality rangeland, and is based on FAO definition of "permanent meadows and pastures". Bioenergy cropland includes
land dedicated to 2nd generation energy crops (e.g., switchgrass, miscanthus, fast-growing wood species). Forest
includes managed and unmanaged forest. Natural land includes other grassland, savannah, and shrubland. Panel A:
This panel shows integrated assessment model (IAM)?” results for SSP1, SSP2 and SSP5 at RCP1.9%8. For each
pathway, the shaded areas show the range across all IAMs; the line indicates the median across models. For RCP1.9,
SSP1, SSP2 and SSPS5 include results from five, four and two IAMs respectively. Panel B: Land use and land cover
change are indicated for various SSP-RCP combinations, showing multi-model median and range (min, max). {Box
SPM.1, 1.3.2, Cross-Chapter Box 1 in Chapter 1, 2.7.2, Cross-Chapter Box 9 in Chapter 6, 6.1, 6.4.4, 7.4.2, 7.4.4,
7.4.5,7.4.6,7.4.7,7.4.8,7.5.3,7.5.6; Cross-Chapter Box 9 in Chapter 6}

D. Action in the near-term

D1. Actions can be taken in the near-term, based on existing knowledge, to address
desertification, land degradation and food security while supporting longer-term responses
that enable adaptation and mitigation to climate change. These include actions to build
individual and institutional capacity, accelerate knowledge transfer, enhance technology
transfer and deployment, enable financial mechanisms, implement early warning systems,
undertake risk management and address gaps in implementation and upscaling (high
confidence). {3.6.1,3.6.2,3.7.2,4.8,5.3.3,5.5,5.6.4,5.7, 6.2, 6.4, 7.3, 7.4.9, 7.6; Cross-Chapter
Box 10 in Chapter 7}

DI.1. Near-term capacity-building, technology transfer and deployment, and enabling
financial mechanisms can strengthen adaptation and mitigation in the land sector. Knowledge and
technology transfer can help enhance the sustainable use of natural resources for food security
under a changing climate (medium confidence). Raising awareness, capacity building and
education about sustainable land management practices, agricultural extension and advisory

36 Representative Concentration Pathways (RCPs) are scenarios that include timeseries of emissions and
concentrations of the full suite of greenhouse gases (GHGs) and aerosols and chemically active gases, as well as land
use/land cover”.

37 Integrated Assessment Models (IAMs) integrate knowledge from two or more domains into a single framework. In
this figure, IAMs are used to assess linkages between economic, social and technological development and the
evolution of the climate system.

38 The RCP1.9 pathways assessed in this report have a 66% chance of limiting warming to 1.5C in 2100, but some
of these pathways overshoot 1.5C of warming during the 21st century by >0.1C.
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services, and expansion of access to agricultural services to producers and land users can
effectively address land degradation (medium confidence). {3.1,5.7.4,7.2,7.3.4,7.5.4}

D1.2. Measuring and monitoring land use change including land degradation and
desertification is supported by the expanded use of new information and communication
technologies (cellphone based applications, cloud-based services, ground sensors, drone imagery),
use of climate services, and remotely sensed land and climate information on land resources
(medium confidence). Early warning systems for extreme weather and climate events are critical
for protecting lives and property and enhancing disaster risk reduction and management (high
confidence). Seasonal forecasts and early warning systems are critical for food security (famine)
and biodiversity monitoring including pests and diseases and adaptive climate risk management
(high confidence). There are high returns on investments in human and institutional capacities.
These investments include access to observation and early warning systems, and other services
derived from in-situ hydro-meteorological and remote sensing-based monitoring systems and data,
field observation, inventory and survey, and expanded use of digital technologies (high
confidence). {1.2, 3.6.2, 42.2, 424, 53.1, 5.3.6, 6.4, 7.3.4, 743, 7.5.4, 7.5.5, 7.6.4; Cross-
Chapter Box 5 in Chapter 3}

DI1.3. Framing land management in terms of risk management, specific to land, can play
an important role in adaptation through landscape approaches, biological control of outbreaks of
pests and diseases, and improving risk sharing and transfer mechanisms (high confidence).
Providing information on climate-related risk can improve the capacity of land managers and
enable timely decision making (high confidence). {5.3.2,5.3.5, 5.6.2, 5.6.3; Cross-Chapter Box 6
in Chapter 5; 5.6.5,5.7.1,5.7.2, 7.2.4}

D1.4. Sustainable land management can be improved by increasing the availability and
accessibility of data and information relating to the effectiveness, co-benefits and risks of emerging
response options and increasing the efficiency of land use (high confidence). Some response
options (e.g., improved soil carbon management) have been implemented only at small-scale
demonstration facilities and knowledge, financial, and institutional gaps and challenges exist with
upscaling and the widespread deployment of these options (medium confidence). {4.8,5.5.1,5.5.2,
5.6.1,5.6.5,5.7.5,6.2,6.4,}

D 2. Near-term action to address climate change adaptation and mitigation,
desertification, land degradation and food security can bring social, ecological, economic and
development co-benefits (high confidence). Co-benefits can contribute to poverty eradication
and more resilient livelihoods for those who are vulnerable (high confidence). {3.4.2,5.7,7.5}

D2.1. Near-term actions to promote sustainable land management will help reduce land
and food-related vulnerabilities, and can create more resilient livelihoods, reduce land degradation
and desertification, and loss of biodiversity (high confidence). There are synergies between
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sustainable land management, poverty eradication efforts, access to market, non-market
mechanisms and the elimination of low-productivity practices. Maximising these synergies can
lead to adaptation, mitigation, and development co-benefits through preserving ecosystem
functions and services (medium confidence). {3.4.2, 3.6.3, Table 4.2, 4.7, 4.9, 4.10, 5.6, 5.7, 7.3,
7.4,7.5, 7.6; Cross-Chapter Box 12 in Chapter 7}

D2.2. Investments in land restoration can result in global benefits and in drylands can
have benefit-cost ratios of between three and six in terms of the estimated economic value of
restored ecosystem services (medium confidence). Many sustainable land management
technologies and practices are profitable within three to 10 years (medium confidence). While they
can require upfront investment, actions to ensure sustainable land management can improve crop
yields and the economic value of pasture. Land restoration and rehabilitation measures improve
livelihood systems and provide both short-term positive economic returns and longer-term benefits
in terms of climate change adaptation and mitigation, biodiversity and enhanced ecosystem
functions and services (high confidence). {3.6.1, 3.6.3, 4.8.1, 7.2.4, 7.2.3, 7.3.1, 7.4.6, Cross-
Chapter Box 10 in Chapter 7}

D2.3. Upfront investments in sustainable land management practices and technologies
can range from about USD 20 ha™! to USD 5000 ha™!, with a median estimated to be around USD
500 ha!. Government support and improved access to credit can help overcome barriers to
adoption, especially those faced by poor smallholder farmers (high confidence). Near-term change
to balanced diets (see B6.2) can reduce the pressure on land and provide significant health co-
benefits through improving nutrition (medium confidence). {3.6.3,4.8,5.3,5.5,5.6,5.7,6.4,7.4.7,
7.5.5; Cross-Chapter Box 9 in Chapter 6}

D 3. Rapid reductions in anthropogenic GHG emissions across all sectors following
ambitious mitigation pathways reduce negative impacts of climate change on land
ecosystems and food systems (medium confidence). Delaying climate mitigation and
adaptation responses across sectors would lead to increasingly negative impacts on land and
reduce the prospect of sustainable development (medium confidence). {Box SPM.1, Figure
SPM.2, 2.5,2.7,5.2, 6.2, 64, 7.2,7.3.1, 7.4.7, 7.4.8, 7.5.6; Cross-Chapter Box 9 in Chapter 6,
Cross-Chapter Box 10 in Chapter 7}

D3.1. Delayed action across sectors leads to an increasing need for widespread
deployment of land-based adaptation and mitigation options and can result in a decreasing
potential for the array of these options in most regions of the world and limit their current and
future effectiveness (high confidence). Acting now may avert or reduce risks and losses, and
generate benefits to society (medium confidence). Prompt action on climate mitigation and
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adaptation aligned with sustainable land management and sustainable development depending on
the region could reduce the risk to millions of people from climate extremes, desertification, land
degradation and food and livelihood insecurity (high confidence). {1.3.5,3.4.2,3.5.2,4.1.6,4.7.1,
4.72,523,53.1,6.3,6.5,73.1}

D3.2. In future scenarios, deferral of GHG emissions reductions implies trade-offs
leading to significantly higher costs and risks associated with rising temperatures (medium
confidence). The potential for some response options, such as increasing soil organic carbon,
decreases as climate change intensifies, as soils have reduced capacity to act as sinks for carbon
sequestration at higher temperatures (high confidence). Delays in avoiding or reducing land
degradation and promoting positive ecosystem restoration risk long-term impacts including rapid
declines in productivity of agriculture and rangelands, permafrost degradation and difficulties in
peatland rewetting (medium confidence). {1.3.1, 3.6.2, 4.8, 4.9, 49.1, 55.2, 6.3, 6.4, 7.2, 7.3;
Cross-Chapter Box 10 in Chapter 7}

D3.3. Deferral of GHG emissions reductions from all sectors implies trade-offs including
irreversible loss in land ecosystem functions and services required for food, health, habitable
settlements and production, leading to increasingly significant economic impacts on many
countries in many regions of the world (high confidence). Delaying action as is assumed in high
emissions scenarios could result in some irreversible impacts on some ecosystems, which in the
longer-term has the potential to lead to substantial additional GHG emissions from ecosystems
that would accelerate global warming (medium confidence). {1.3.1,2.5.3,2.7,3.6.2, 4.9, 4.10.1,
54.2.4,6.3,6.4,7.2,7.3; Cross-Chapter Box 9 in Chapter 6, Cross-Chapter Box 10 in Chapter 7}
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