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FOREWORD

The state of the world’s land and water resources for food and agriculture 2021 (SOLAW 2021)
provides new information on the status of land, soil and water resources, and evidence of the
changing and alarming trends in resource use. Together, they reveal a situation that has much
deteriorated in the last decade, when the first SOLAW 2011 report highlighted that many of our
productive land and water ecosystems were at risk. The pressures on land and water ecosystems
are now intense, and many are stressed to a critical point.

Against this background, it is clear our future food security will depend on safeguarding our
land, soil and water resources. The growing demand for agrifood products requires us to look
for innovative ways to achieve the Sustainable Development Goals, under a changing climate and
loss of biodiversity. We must not underestimate the scale and complexity of this challenge. The
report argues that this will depend on how well we manage the risks to the quality of our land and
water ecosystems, how we blend innovative technical and institutional solutions to meet local
circumstances, and, above all, how we can focus on better systems of land and water governance.

The interlinked actions and coalitions resulting from the 2021 United Nations Food Systems
Summit provide an important entry to renew national and global priorities, and as a basis to
advance the transformation of our agrifood systems to be more efficient, inclusive, resilient and
sustainable.

A meaningful engagement with the key stakeholders — farmers, pastoralists, foresters and
smallholders — directly involved in managing soils and conserving water in agricultural land-
scapes is central. These are nature’s stewards and the best agents of change to adopt, adapt and
embrace the innovation we need to secure a sustainable future.

| invite you to read the SOLAW 2021 report with a view to the fundamentals of all terrestrial agri-
food production. Land degradation and water scarcity will not disappear. However, while the scale
of the challenge is daunting, whether as cultivators of land or consumers of food, even small shifts
in behaviours will see the much-needed transformation at the core of our global agrifood systems.

The new FAO Strategic Framework 2022-31 firmly commits the Organization to promote the
sustainable management of our vital land and water ecosystems for better production, better
nutrition, a better environment and a better life for all, leaving no one behind.

g4

Dr Qu Dongyu
Director-General
Food and Agriculture Organization of the United Nations
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PREFACE

Setting the scene

Human use of land and water for agriculture has not yet peaked, but all evidence points to slow-
ing growth in agricultural productivity, rapid exhaustion of productive capacity and generation
of environmental harm. Taking production that is more environmentally responsible and
climate smart to scale can reverse trends in the deterioration of land and water resources and
promote inclusive growth. This aligns with the aspirations of the FAO strategic framework:
“better production, better nutrition, a better environment and a better life”.

The past decade has seen the advent of several important global

policy frameworks including the 2030 Agenda for Sustainable Taking production that
Development, the Paris Agreement on climate change, the Sendai is more environmentally
Framework for Disaster Risk Reduction 2015—2030, the Small responsible and climate
Island Developing States Accelerated Modalities of Action, the New smart to scale can reverse

trends in the deterioration
of land and water
resources and promote
inclusive growth.

Urban Agenda and the Addis Ababa Action Agenda on Financing for
Development. The frameworks have introduced the Sustainable
Development Goals (SDGs), nationally determined contributions
and land degradation neutrality. In particular, there are dedi-

cated SDGs for water, and targets for land and soil health. The
frameworks are accompanied by global assessments of natural
resources, including soils, forestry, biodiversity, desertification
and climate. The state of the world’s land and water resources for
food and agriculture 2021 (SOLAW 2021) report aims to take stock
of the implications for agriculture and recommend solutions
for transforming the combined role of land and water in global
food systems.

UaAnBN JaNI0B

The uncertainty of climate change and the complex feedback loops
between climate and land present agriculture with amplified levels
of risk that need to be managed. A global view points to a convergence of factors putting unprec-
edented pressure on land and water resources, leading to a set of human impacts and shocks in
the supply of agricultural products, notably food. The SOLAW 2021 report argues that a sense of
urgency needs to prevail over a hitherto neglected area of public policy and human welfare, that
of caring for the long-term future of land, soil and water.

XV
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Shocks, including severe floods, droughts and the COVID-19
pandemic tend to divert attention away from development
priorities. International finance institutions warn of the
widening fault lines between developed and developing coun-
tries in meeting global goals while facing resurgent infections
and rising death tolls from COVID-19. Recovery programmes
offer opportunities to address urgencies and kick-start the
process of change, including in land and water management.

Land, soil and water form the basis of the FAO commit-
ment to the changes advocated in the 2021 United Nations
Food Systems Summit. However, recognition and actions are
needed to redirect the focus onto the land, on which 98 percent
of the world’s food is produced. Taking care of land, water
and particularly the long-term health of soils is fundamental

Taking care of land, to accessing food in an ever-demanding food chain, guar-
water and particularly the anteeing nature-positive production, advancing equitable
long-term health of soils is livelihoods, and building resilience to shocks and stresses
fundamental to accessing arising from natural disasters and pandemics. They all start
food in an ever-demanding from land and water access and governance. Sustainable

food chain.

XVi

land, soil and water management also underpin nutritious,
diverse diets and resource-efficient value chains in the shift
to sustainable consumption patterns.

What SOLAW 2021 says

The SOLAW 2021 report comes at a time when human pressures on the systems of land, soils
and freshwater are intensifying, just when they are being pushed to their productive limits. The
impacts of climate change are already constraining rainfed and irrigated production over and
above the environmental consequences resulting from decades of unsustainable use.

The SOLAW 2021 report builds on the concepts and conclusions given in the previous SOLAW
2011 report. Much has happened in the intervening years. Recent assessments, projections and
scenarios from the international community paint an alarming picture of the planet’s natural
resources — highlighting overuse, misuse, degradation, pollution and increasing scarcity. Rising
demands for food and energy, competing industrial, municipal and agricultural uses, and the
need to conserve and enhance the integrity of the Earth’s ecosystems and their services make the

picture extremely complex and full of interlinkages and interdependencies.

The SOLAW 2021 report adopts the driver—pressure—state—impact—response approach. This is
a well-established framework for analysing and reporting important and interlinked relation-
ships among sustainable agricultural production, society and the environment. The approach
provides a structure to report on cause—effect relationships to arrive at key policy recommenda-



tions and enable policymakers to assess the direction and nature of changes needed to advance
sustainable management of land and water resources.

The drivers of demand for land and water resources are complex. By 2050, FAO estimates
agriculture will need to produce almost 50 percent more food, fibre and biofuel than in 2012 to
satisfy global demand and keep on track to achieve ““zero hunger’ by 2030. Progress made in
reducing the number of undernourished people in the early part of the twenty-first century has
been reversed. The number has risen from 604 million in 2014 to 768 million in 2020. While
prospects for meeting the nutritional requirements of 9.7 billion people by 2050 at the global
level exist, problems with local patterns of production and consumption are expected to worsen,
with increasing levels of undernourishment and obesity among the steadily growing and mobile
population.

Options to expand cultivated land areas are limited. Prime agricultural land is being lost
to urbanization. Irrigation already accounts for 70 percent of all freshwater withdrawals.
Human-induced land degradation, water scarcity and climate change are increasing the levels
of risk for agricultural production and ecosystem services at times and in places where economic
growth is needed most.

Most pressures on the world’s land, soil and water resources derive from agriculture itself. The
increase in use of chemical (non-organic) inputs, uptake of farm mechanization, and overall
impact of higher monocropping and grazing intensities are concentrated on a diminishing stock
of agricultural land. They produce a set of externalities that spill over into other sectors, degrad-
ing land and polluting surface water and groundwater resources.

The impacts from accumulating pressures on land and water are Human-induced land

felt widely in rural communities, particularly where the resource degradation, water scarcity
base is limited and dependency is high, and to a certain extent and climate change are

in poor urban populations where alternative sources of food are increasing the levels of risk
limited. Human-induced deterioration of land, soil and water for agricultural production
resources reduces production potential, access to nutritious food and ecosystem services

at times and in places
where economic growth is
needed most.

and, more broadly, the biodiversity and environmental services
that underpin healthy and resilient livelihoods.

A central challenge for agriculture is to reduce land degradation
and emissions and to prevent further pollution and loss of envi-
ronmental services while sustaining production levels. Responses
need to include climate-smart land management attuned to
variations in soil and water processes. Management options are
available to increase productivity and production levels if inno-
vation in management and technology can be taken to scale to
transition to sustainable agrifood systems. However, none of this
can go far without planning and managing land, soil and water
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resources through effective land and water governance.
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Injecting a sense of
urgency into making the disadvantaged groups, with most living in rural areas. While

Increasing land and water productivity is crucial for achieving food security, sustainable
production and SDG targets. However, there is no “one size fits all’” solution. A ““full package”” of
workable solutions is now available to enhance food production and tackle the main threats from
land degradation, increasing water scarcity and declining water quality.

The SOLAW 2021 report indicates how institutional and technical
responses can be packaged to address the challenges of increas-
ing water and food security within land, soil and water domains,
and, more widely, across agriculture and food systems. It stresses
the importance of integrated approaches in managing land and
water resources. Sustainable land management, sustainable soil
management and integrated water resources management are all
examples of such approaches, which can be blended with tech-
nology innovation, data and policies to accelerate improvement
in resource-use efficiency, raise productivity and align progress
with SDGs.

An important point to recognize is that many agents of change
in the landscape remain excluded from the benefits of technical
advances. This applies to disproportionately poorer and socially

necessary transformations technical solutions to specific land and water challenges may be

in the core of the global within grasp, much will depend on how land and water resources
food system is essential. are allocated. Inclusive forms of land and water governance
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will be adopted at scale only when there is political will, adap-
tive policymaking and follow-through investment. A primary
focus on land and water governance is essential in creating the
transformative changes needed to achieve patterns of sustainable agriculture that can enhance
income and sustain livelihoods while protecting and restoring the natural resource base.

Significant complementary efforts will also be needed in food systems beyond the farm to maxi-
mize synergies and manage trade-offs in related sectors, particularly energy production. For
this to happen, changes in policy, institutional and technical domains that disrupt ““business as

usual”” models may prove necessary.

Time is of the essence. Current trends in natural resource depletion indicate production from
rainfed and irrigated agriculture is operating at or over the limit of sustainability. Injecting
a sense of urgency into making the necessary transformations in the core of the global food
system is essential.

Chapter 1 of this report provides a base from which to examine the socioeconomic trends in
Chapter 2 and the demand projections for land and water resources and attendant risks in Chap-
ter 3. These assessments provide a rationale for resource planning and management in Chapter
4 and for implementing institutional adaptation and technological innovation to increase crop
production and productivity while conserving natural resources in Chapter 5. Finally, Chapter 6
presents the conclusions drawn from the report and offers overall recommendations and action

in four key areas.



METHODOLOGY —
GLOBAL DATASETS

The global datasets used to assess environmental change have advanced since the first edition
of The state of the world’s land and water resources for food and agriculture (SOLAW) report in
2011. Annual “snapshots’ of land-cover classifications are now derived from higher-resolution
imagery under the European Space Agency’s Climate Change Initiative using the FAO land-cover
classification scheme. The Global Forest Resource Assessment provides an up-to-date account
of net global forest loss. Continental coverage of monthly water consumption by growing
vegetation is available in the FAO Water Productivity Open-access Portal. In addition, the devel-
opment of the Global Agro-Ecological Zones (GAEZ) version 4 (v4) data portal now consolidates
the global distribution of land and agroclimatic resources at high resolution (~1 km) to analyse
the distribution of crop production for reference years and the potential for crop production
under climate change.

Translating these changes in land cover and associated energy balances into land and water use
for agricultural production is possible. Trends in agricultural production derived from national
statistics are attributed to the land where agroclimatic conditions and available soil moisture
are adequate for crop growth. Accordingly, the spatial frame of reference for this edition of
the SOLAW 2021 report is the set of agroclimatic and land data compiled for GAEZ v4 and is an
update of the GAEZ v2/3 used in the compilation of SOLAW 2011.

There are two baseline or reference years for GAEZ: 2000 and 2010. Reported agricultural
production in these reference years is distributed across 12 main land-use/land-cover shares in
each 5 arcminute cell. These shares are for: artificial surfaces, cropland, grassland, tree-covered
areas, shrub-covered areas, herbaceous vegetation (aquatic or regularly flooded), mangroves,
sparse vegetation, bare soil, snow and glaciers, water bodies and cropland equipped with full
control irrigation. These are the major land-class layers in GAEZ to which the FAO Statistical
Database (FAOSTAT) national crop production data are distributed (downscaled) through refer-
ence to land cover (FAO Global Land Cover Share) and land equipped for irrigation (FAO Global
Map of Irrigated Areas v5).

The GAEZ v4 unit of analysis is the 30 arcsecond pixel used to compile its reference grid. This
represents approximately 900 m at the equator and 600 m at the poles. The compilation of
climate, soil, land-cover and water source data at this resolution allows GAEZ to depict a nomi-
nal ““state” of land and related water resources in a set of land-use types that conform with
FAO’s Global Information System on Water and Agriculture (AQUASTAT) and FAOSTAT produc-
tion data (i.e. they can accommodate reported harvested areas, yield and cropping intensity).
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The AQUASTAT database has been regularly updated since 2011, providing up-to-date informa-
tion on water resources for agriculture at the global level. It plays a crucial role in collecting data
and monitoring achievement of Sustainable Development Goal (SDG) 6: “ensure availability
and sustainable management of water and sanitation for all”’, and in particular indicators of
SDG target 6.4 on water stress and water-use efficiency. The AQUASTAT method for collecting
data has evolved since 2018, relying on a network of AQUASTAT national correspondents who
ensure data collection and quality. This allows AQUASTAT to align with the country-led and
country-owned processes promoted through the SDGs for gathering data.
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KEY MESSAGES OF SOLAW 2021

The state

>

The interconnected systems of land, soil and water are stretched to the limit.
Convergence of evidence points to agricultural systems breaking down, with impacts
felt across the global food system.

Current patterns of agricultural intensification are not proving sustainable. Pressures
on land and water resources have built to the point where productivity of key
agricultural systems is compromised and livelihoods are threatened.

Farming systems are becoming polarized. Large commercial holdings now dominate
agricultural land use, while fragmentation of smallholder concerns concentrates
subsistence farming on lands susceptible to degradation and water scarcity.

The challenges

>

Future agricultural production will depend upon managing the risks to land and
water. Land, soil and water management needs to find better synergy to keep
systems in play. This is essential to maintain the required rates of agricultural growth
without further compromising the generation of environmental services.

Land and water resources will need safeguarding. There is now only a narrow margin
for reversing trends in resource deterioration and depletion, but the complexity and
scale of the task should not be underestimated.

Responses and actions

»

Land and water governance has to be more inclusive and adaptive. Inclusive
governance is essential for allocating and managing natural resources. Technical
solutions to mitigate land degradation and water scarcity are unlikely to succeed
without it.

Integrated solutions need to be planned at all levels if they are to be taken to
scale. Planning can define critical thresholds in natural resource systems, leading to
the reversal of land degradation when wrapped up as packages or programmes of
technical, institutional, governance and financial support.

Technical and managerial innovation can be targeted to address priorities and
accelerate transformation. Caring for neglected soils, addressing drought and coping
with water scarcity can be addressed through the adoption of new technologies and
management approaches.

Agricultural support and investment can be redirected towards social and
environmental gains derived from land and water management. There is now scope
for progressive multiphased financing of agricultural projects that can be linked with
redirected subsidies to keep land and water systems in play.




AND WATER RESOURCES

Key messages

Land used for crop production increased by 208 million ha (15 percent) between 1961 and 2019. Land
used for irrigated cropping increased by 110 percent, while rainfed cropping increased by only 2.6 percent,
over the same time period. Permanent pastures for livestock rearing markedly declined from a peak area
of 3400 million ha in 2000 to a level nearer to 3 200 million ha by 2019. This decline, together with global
population growth, reduced available agricultural land use per capita for crops and livestock rearing by
20 percent between 2000 and 2019. Agricultural land per capita is now less than 0.64 ha.

Pressures on productive land and water resources are pushing the productive capacity of agricultural
ecosystems to the limit. Land degradation, drought and related water scarcity are compromising
agricultural production and intensifying poverty and malnutrition in all regions.

The loss of soil organic carbon (SOC) is accelerating. Agriculturally managed soils contain 25 percent to 75
percent less SOC compared to soils in undisturbed or natural ecosystems. This is due to changing land use and
land management. Soils under conventional agriculture continue to be a source of carbon dioxide emissions.



Land and soils are degrading due to the spread and intensification of agriculture. Estimates suggest
human-induced degradation affects 34 percent of cropland and pasture. The demand for more calories to
satisfy population and income growth is constrained as cropping extends into marginal lands and existing
land suffers erosion and depletion of carbon, nutrients and soil biodiversity. Estimates suggest over
3.2 billion people are directly affected by soil/land degradation.

Water scarcity is becoming endemic. The local impact of physical water scarcity and freshwater pollution is
spreading and accelerating. The first sign of scarcity is increasing use and severe depletion of groundwater
— the ultimate source of water for most of the world. The global Sustainable Development Goal (SDG)
target 6.4 on water scarcity reached 18 percent in 2018, but this masks significant regional variations.
Non-conventional water use in agriculture, such as water/effluent reuse and desalination, is growing,
particularly in areas where water scarcity is most acute.

Accessible, high—-quality groundwater is diminishing. Globally, groundwater accounts for over 30 percent
of freshwater withdrawals for irrigated agriculture and continues to grow at around 2.2 percent per year.
Approximately 70 percent of groundwater withdrawals are used to irrigate food, fibre and industrial
crops, and for livestock. More is used in arid and semi-arid regions. Agricultural production is constrained
where groundwater storage is depleted or degraded. Intensive exploitation in many principal continental
aquifers and saline intrusion along highly productive coastal plains are evident. This level of groundwater
exploitation is considered responsible for the loss of aquifer storage of 250 km?/year, and more importantly,
loss of aquifer function and utility to farmers as groundwater levels drop.

Water pollution is a rising global crisis that directly affects health, economic development and food
security. Agriculture is the dominant source of water pollution (mainly diffuse or non-point pollution from
agricultural land), but other human activities such as urbanization and industry are also major contributors.
Degrading water quality is a significant threat to food safety and food security.

Climate change is driving processes that cause productive land to be lost. Although anticipated
temperature changes may bring new land into production, opportunities for sustainable expansion and
intensification are severely limited. Climate change increases evapotranspiration from cropped land, and
alters the quantity and distribution of rainfall. This leads to changes in land/crop suitability and reduced
yields where temperature stresses attenuate carbon assimilation. Long-term temperature increases can be
anticipated across productive land, but rainfall intensities, duration and frequency are harder to predict.
Greater variations in river flows and groundwater recharge are expected and will adversely affect irrigated
agriculture in particular. Land-cover distribution over thermal climates and trends indicate increases in
grasslands and artificial surfaces, while tree—covered areas and bare areas show significant declines.

Land and water productivity gains over the past decade have enabled crop and livestock production
to match demand but at a cost. Land now produces more than 95 percent of the global food supply
for a human population estimated at over 7.7 billion. Unsustainable agricultural intensification has
increased environmental impacts that limit agricultural production capacity and damage a wide range of
environmental services. Intersectoral competition for land and water resources is intense, and the scope to
sustainably extend irrigation areas and convert new land to agriculture is limited.



1.1 Introduction

Pressures on land and water resources are
pushing the productive capacity of land and
water systems to the limit. These concerns
are reflected in global environmental and
scientific assessments, notably the Intergov-
ernmental Panel on Climate Change (IPCC)
special report on climate change and land
(IPCC, 2019), the sixth edition of the United
Nations Environment Programme (UNEP)
global environmental outlook (UNEP, 2019),
the Intergovernmental Science-Policy Plat-
form on Biodiversity and Ecosystem Services
(IPBES) assessment report on land degra-
dation and restoration (IPBES, 2018) and
the United Nations Convention to Combat
Desertification (UNCCD) global land outlook
(UNCCD, 2017).

What are the implications for the global
food system and the food security of the
2.37 billion people facing moderate or severe
food insecurity? The latest report on The
state of food security and nutrition in the world
2021 (FAO et al., 2021) recognizes the sever-
ity of external drivers including conflict and
COVID-19 containment measures, which
constrain human engagement with produc-
tive land. This is land that produces more
than 95 percent of the global food supply
when measured in kilograms per capita per
year (FAO, 2020a). However, the land and
water systems at risk identified in the first
report of the Food and Agriculture Organi-
zation of the United Nations (FAO) on The
state of the world’s land and water resources for
food and agriculture 2011 (SOLAW 2011; FAO,
2011) are now seeing the growth in land and
water productivity stagnate. Global datasets
reflect a decline in per capita natural resource
availability.

This chapter provides a global overview of the
current state of land, soil and water resources
concerning agricultural production, building
on the analysis in SOLAW 2011. The purpose

is to describe the state of land and water

resources at the global level using the best
available global datasets to establish a base-
line up to 2019 for land and 2018 for water data
according to the status of the FAO land and
water databases in 2021. Many of the global
datasets on related environmental data were
not established in 2010 when SOLAW 2011
was compiled, and these have been shown
as distributed data, where appropriate, to
provide a contemporary picture of land and
water resources aggregated at the continen-
tal regional and subregional levels used for
SOLAW 2011 (see the annex).

1.2 Emissions
from land and the
changing climate

In 2019, global anthropogenic greenhouse
gas (GHG) emissions, from all economic
sectors including land use, land-use change
and forestry, totalled 54 billion tonnes of
carbon dioxide equivalent (CO,-eq), and
emissions from agrifood systems (including
food processing and supply chain emissions)
amounted to some 17 billion tonnes CO,-eq
or 31 percent of total global emissions (FAO,
2021a). Emissions from agrifood systems
increased globally by 16 percent between
1990 and 2019, despite their share in total
emissions decreasing from 40 percent to
31 percent, as did the per capita emissions,
from 2.7 to 2.1 tonnes CO,-eq.
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MAP 1.1 GREENHOUSE GAS EMISSIONS INTENSITY PER UNIT OF LAND (TONNES CO,-EQ PER KM?)
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The 2019 total agrifood system GHG emis-
sions are composed of 7.2 billion tonnes
CO,-eq (13 percent of total global emis-
sion) from activities on agricultural land (at
the farm gate), 3.5 billion tonnes CO,-eq
(7 percent) from land-use change processes
such as deforestation and peatland degra-
dation,
(11 percent) from pre- and post-production

and 5.8 billion tonnes CO,-eq

processes. These processes include energy use
in fertilizer manufacturing, food processing,
retail, transport and household consumption.
Map 1.1 shows the global distribution of GHG
emissions intensity from land in 2012.

The trends in these emissions over the past
30 years show the significance of the growth
in the pre- and post-production processes
(Figure1.1), while emissions from agricultural
land and land-use change have remained
relatively stable. Nonetheless, agricultural
land and land-use change are estimated to
contribute 20 percent of global GHG emis-
sions. Reductions

in those land-related

emissions through changes in agricultural
practice and land management are desir-
able in the global effort towards achieving
net-zero GHG emissions.

However, climate change is already affecting
the human relationship with land and water.
While some climate-induced shocks, such as
intense periods of heat or flood events that
surpass previous experience, are apparent
immediately, the slower-onset phenomena,
such as elevated night-time temperatures,
have impacts on agricultural production that
are more incremental in nature. The IPCC
sixth assessment report Climate change 2021:
The physical science basis attributes detectable
changes in the global water cycle since the
middle of the twentieth century to human-
induced climate change (IPCC, 2021). Land
and water management has played a signifi-
cant part in triggering these changes through
modified carbon and nutrient cycles, GHG
emissions, and control over the distribution of
freshwater across and within the Earth’s crust.

Dotted line represents approximately the

Source: FAO. 2013. Tackling climate change through livestock: A global assessment of emissions and Line of Control in Jammu and Kashmir

mitigation opportunities. Rome.
www.fao.org/3/i3437e/i3437e.pdf

agreed upon by India and Pakistan. The
final status of Jammu and Kashmir has not
yet been agreed upon by the parties.

Modified to comply with UN. 2020. Map of the World. https://www.un.org/geospatial/file/3420

Final boundary between the Sudan and
South Sudan has not yet been determined.
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FIGURE 1.1

GLOBAL AGRIFOOD SYSTEM GREENHOUSE GAS EMISSIONS BY LIFE-CYCLE STAGE

AND PER CAPITA EMISSIONS, 1990-2019
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Source: FAO. 2021. The share of agri-food systems in total greenhouse gas emissions: Global, regional and country trends 1990—2019. FAOSTAT

Analytical Brief Series No. 31. Rome. www.fao.org/3/cb7514en/cb7514en.pdf

The results of the IPCC sixth assessment
report and the special report on climate
change and land point to the anticipated
evolution of the complex feedback between
the atmosphere, oceans and land (IPCC, 2019,
2021, 2022). The reports find climate change
affects the rate and magnitude of some land
degradation processes and introduces new
degradation patterns. Climate models predict
increasing frequency, intensity and amount
of heavy precipitation as the climate changes.
Rainfall that is more intense but with fewer
events is combining to increase the risk of
landslides, extreme erosion events and flash
floods. The IPCC special report on climate
change and land notes tropical cyclones
are already shifting towards the poles, and
the speed at which they move is slowing.
Increased exposure of coastal areas to intense
and long-duration storms is expected to lead

to further land degradation and to affect
coastal forest structure and composition.
Sea-level rise already affects coastal erosion
and salinization, leaving such areas vulnera-
ble to catastrophic weather events.

These short-term impacts of climate change
need to be considered in combination with
long-term changes in land use and land
management. Cropland soils are estimated
to have only 20—60 percent of their potential
stocks before cultivation (Lal et al.,, 2018),
and soils under conventional agriculture
continue to be a source of carbon dioxide
emissions. Peatland soil degradation and
drainage release large amounts of carbon
through decomposition, and fires in drained
peatlands accounted for about 4 percent of
global fire emissions between 1997 and 2016.
Agricultural practices also cause soils to
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emit other GHGs in addition to carbon diox-
ide, and climate change exacerbates these
emissions. Soils emit nitrous oxide when
organic and inorganic fertilizers are applied
and when nitrogen-fixing crops are planted.
They also emit methane when flooded for
rice cultivation. Hence, there is interest in
land management and conservation agricul-
ture techniques that can halt, and, in some
instances even reverse, the loss of SOC and
reduce emissions of methane and nitrous
oxide (e.g. reduced tillage with nitrogen-
fixing plants in crop rotations, improved
water management/irrigation, agrofor-
estry and soil erosion control structures)

(IPCC, 2022).

1.2.1 Land and
temperature changes

At the Earth’s surface, temperatures largely
determine what crops can be grown in any

given locality. Plants have specific heat

requirements to complete their growth cycle,
which can be calculated by accumulating
temperatures above a specific threshold. The
reference length of the growing season is
therefore an important baseline to establish
for crop production (Map 1.2).

However, theagroclimatic contextischanging
rapidly given the mean temperature changes
observed over the past 60 years (Map 1.3).
Farming enterprises are adapting to new
thermal regimes that have upset crop growth
stages and their supporting soil ecologies,
with specific implications for spreading crop
disease and pests. Fundamental changes to
the water cycle, particularly the patterns of
rainfall and periods of drought, are forcing
adjustment of rainfed and irrigated produc-
tion in particular. Under climate change,
growing periods may become longer in
boreal and arctic regions, but shorter in areas
affected by extended drought periods, when
compared with current reference lengths.

Dotted line represents approximately the
Line of Control in Jammu and Kashmir
agreed upon by India and Pakistan. The
final status of Jammu and Kashmir has not
yet been agreed upon by the parties.

Source: FAO & International Institute for Applied Systems Analysis. 2021. Global agro-ecological zones v4.0 —
Model documentation. Rome. www.fao.org/nr/gaez/publications/en

Modified to comply with UN. 2020. Map of the World. https://www.un.org/geospatial/file/3420

Final boundary between the Sudan and
South Sudan has not yet been determined.
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Source: FAO. 2020. FAOSTAT. In: FAO.
Rome. www.fao.org/faostat/en/#data/QC
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1.2.2 Impact of weather
events on land, soil
and water resources

The direct impact of weather events on
cropping, grazing and forest systems and
soil health is difficult to separate from the
overall environmental outcome of land and
water management practices. Reduced or
erratic rainfall and more frequent and severe
drought periods extend soil moisture deficits
on some soils but extend periods of water-
logging on others. Heavier rains are likely to
increase the risk of soil erosion on cultivated
lands, on moderate to steep slopes where
runoff rates are high, and where the land has
inadequate vegetative cover. Intensified and
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[]14-21

[ ] Nodata

v

Dotted line represents approximately the Line of Control in Jammu and Kashmir agreed upon by India and

Pakistan. The final status of Jammu and Kashmir has not yet been agreed upon by the parties.

]
inal boundary between the Sudan and

South Sudan has not yet been
determined.

Final status of the Abyei area is not yet determined

Modified to comply with UN. 2020. Map of the World. https://www.un.org/geospatial/file/3420

shorter rainfall events combined with higher
evaporation and transpiration rates will lead
to increased erosion from water and raindrop
impacts, and accelerated runoff and strong
winds will reduce soil moisture available for
plant growth. In turn, increased incidence of
windstorms will accelerate soil loss. Higher
soil surface temperatures will increase the
mineralization rate of soil organic matter
(SOM) and impair the soil’s capacity to
sequester carbon and retain water and to
ultimately support plant growth. Higher
temperatures will increase evaporation and
soil salinization, particularly in arid and
semi-arid climates.

Soils in all regions are important regulators
of climate change by virtue of their ability to

1. STATUS OF AND TRENDS IN LAND, SOIL AND WATER RESOURCES




absorb and store heat, moisture and carbon.
Many soil types are affected by climate change
and influence climate change through posi-
tive feedback loops. Soil physical properties
affect how soils respond to climate change
and determine the soil’s capacity to main-
tain and deliver soil functions for agriculture
and sequester carbon to reduce GHGs (FAO,
2017a). Two important soil types are perma-
frost soils and peatlands. Permafrost soils,
which cover 25 percent of the northern hemi-
sphere, are in danger of thawing and may
exacerbate warming by releasing methane,
which is an active GHG. Thawing will increase
soil erosion, as permafrost lends stability to
barren arctic slopes (Turetsky, 2019), and
with
risks of oil spills and soil contamination.

threatens industrial infrastructure,
Peatlands cover a modest 3 percent of the
Earth’s ice-free landmass, yet they contain
30 percent of the world’s SOC. Changes in the
state of peatlands resulting from fires and
drainage contribute at least 5 percent of GHG

emissions (Tubiello et al., 2014).

The impacts of climate change on the water
cycle and renewable freshwater resources
are expected to significantly alter the agri-
cultural output and the environmental
performance of productive land and water
systems recognized in SOLAW 2011 (FAO,
2011). Climate models predict decreases in
renewable water resources in some regions
(mid-latitude and dry subtropical regions)
and increases in others (mainly high-
latitude and humid mid-latitude regions).
Even where increases are projected, there
may be short-term shortages due to chang-
ing streamflows caused by greater variabil-
ity in rainfall. The decreases in renewable
surface water and groundwater resources in
dry subtropical regions will intensify compe-

tition for water among different users.

The long- and short-term impacts of climate

change and related weather phenomena may
transcend the prospects for remediation of
land and water systems that are under pres-
sure from the level of human demand for
food, fibre and biofuel. While the implica-
tions for any specific point on the Earth’s
surface may be uncertain, the continuation of
a ““no-regrets” approach to more sustainable
land management and agricultural practices
in the face of such uncertainty is expected to
be adopted at the global scale.

1.3 Land-cover
status and trends

1.3.1 Status

The global land area, including inland waters
and permanent snow and glaciers, amounts
to 14 706 million ha. Table 1.1 presents 11
land-cover classes for years 2010 to 2019,
together with the baseline data for 1992 using
the land-cover classification of the Euro-
pean Space Agency Climate Change Initiative.
The statistics do not include coastal water
bodies and intertidal areas. Land cover upon
which crops are cultivated (herbaceous crops,
woody crops and wetlands used for culti-
vation) or available for animal husbandry
(grassland) amounted to 4 132 million ha in
2019, approximately 28 percent of the global
land area.

THE STATE OF THE WORLD'S LAND AND WATER RESOURCES FOR FOOD AND AGRICULTURE 2021
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TABLE 1.1

LAND-USE CLASS CHANGE, 1992 AND 2000—2019 (MILLION ha)

LAND-COVER CLASS 1992 2010 2011 2012 2013 2014 2015 2016 2017 2018 2019

Artificial surfaces 26 48 49 51 52 54 55 56 57 58 60
(including urban and
associated areas)

Grassland 1773 1796 1799 1800 1801 1802 1802 1801 1801 1810 1813
Herbaceous crops 1877 1910 1909 1909 1908 1907 1907 1904 1905 1905 1904
Woody crops 178 222 223 224 224 224 223 222 220 221 222
Shrubs and/ 202 189 189 190 190 189 189 189 189 191 193
or herbaceous

vegetation, aquatic

or regularly flooded

Shrub-covered 1615 1595 1597 1598 1599 1599 1600 1597 1597 1601 1605
areas

Tree-covered areas 4 347 4291 4 286 4282 4281 4281 4280 4287 4288 4278 4270
Sparsely natural 905 886 888 889 888 887 887 888 888 887 890
vegetated areas

Terrestrial barren 1950 1935 1932 1930 1930 1929 1929 1927 1926 1920 1915
land

Inland water bodies 381 381 381 381 381 382 382 382 382 382 383
Mangroves 18 18 18 18 18 18 18 18 18 18 18
Permanent snow 1437 1437 1437 1437 1437 1437 1437 1434 1434 1434 1434
and glaciers

Total land cover 14 709 14 709 14709 14709 14709 14709 14709 14 706 14 706 14706 14 706

Source: FAO. 2020. FAOSTAT. In: FAO. Rome. www.fao.org/faostat/en/#data/QC; using European Space Agency Climate Change Initiative Land
Cover statistics, containing annual land-cover area data for the period 1992—2019 produced by the Catholic University of Louvain Geomatics as
part of the Climate Change Initiative of the European Space Agency (version 2.0, Climate Change Initiative University of Louvin Geomatics, 2017)
and lately updated to version 2.1 under the European Copernicus programme.

Map 1.4 illustrates the global distribution of
dominant land-cover classes by FAO region
using Global Land Cover Share (GLC-SHARE)
data. Figure 1.2 shows the breakdown of these
dominant land-cover classes by SOLAW region.

1.3.2 Trends

Since 1992,
urban areas and paved highways/airports)

artificial surfaces (notably
have continued to expand, doubling from
30millionhain2000toalmost60 millionhain
2019 (Figure 1.3). Tree-covered areas declined
significantly from almost 4 347 million ha in
1992 to 4 270 million ha in 2019. Herbaceous

crop cover peaked in 2004, then declined
and plateaued from 2010 at 1 905 million ha.
Woody crops also plateaued from 2010, stabi-
lizing at around 220 million ha. Grassland
cover has expanded since 1992 and appears to
have stabilized at around 1 800 million ha by
2015, before showing a significant increase
from 2017 to around 1 813 million ha in 2019.

In contrast, shrub-covered areas and barren
lands contracted from 2000, although
shrub-covered lands recovered from 2010.
Wetlands used for cultivation (shrubs and

or herbaceous vegetation aquatic or regu-
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DOMINANT LAND-COVER CLASSES, GLOBAL LAND COVER SHARE DATA, 2010

MAP 1.4

1 >75% Cropland

B >75% Tree-covered land
>75% Grassland, shrubs or herbaceous cover
>75% Sparsely vegetated or bare

" ;F" .

50-75% Cropland

I 50-75% Tree-covered land
50-75% Grassland, shrubs or herbaceous cover
50-75% Sparsely vegetated or bare

B >50% ArtiGcial surface
[l Other land cover associations
[ Water, permanent snow, glacier

Note: Cropland includes
herbaceous and woody crops.

Source: FAO & International Institute
for Applied Systems Analysis. 2021.
Global agro-

ecological zones v4.0 — Model
documentation. Rome. www.fao.
org/nr/gaez/publications/en

Modified to comply with UN. 2020.
Map of the World. https://www.
un.org/geospatial/file/3420

Dotted line represents approximately the
Line of Control in Jammu and Kashmir
agreed upon by India and Pakistan. The
final status of Jammu and Kashmir has not
yet been agreed upon by the parties.

Final boundary between the Sudan and
South Sudan has not yet been determined.

larly flooded)! contracted from around this trend takes account of forest expansion

203 million ha in 1992 to 190 million ha in
2019. Sparsely vegetated land and barren land
also contracted over the same period.

The global tree-covered area was estimated
at just over 4 269 million ha in 2019, some
30 percent of the total land area. The net
annual forest-cover loss between 2010 and
2020 is estimated at 4.7 million ha/year
compared with 5.2 million ha/year between
2000 and 2010 and 7.8 million ha/year
between 1990 and 2000 (FAO, 2020b). While

! FAO defines wetlands used for cultivation as areas
having free water at or on the surface for at least most
of the growing season. The water is sufficiently shallow
to allow the growth of a wetland crop or of natural
vegetation rooted in the soil. This includes lowland
paddy and “bas fonds™ in western Africa.

through regeneration and afforestation (Fig-
ure 1.4), recent national accounts of defor-
estation rates for conversion to grassland or
cropland are expected to reduce global cover
statistics. Indeed, most forest-cover loss is
linked to expanding newly cultivated arable
land, while forest-cover gain is attributed to
afforestation and natural forest regenera-
tion on abandoned arable land (FAO, 2020Db).
More than 90 percent of the deforestation is
taking place in the tropics. Between 2010 and
2020, of the SOLAW regions, sub-Saharan
Africa lost the largest area to deforestation,
surpassing Southern America (the previous
regional leader). Deforestation of primary
rainforest is occurring mainly in the Amazon
and Congo basins.
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FIGURE 1.2 REGIONAL DISTRIBUTION OF DOMINANT LAND-COVER CLASSES (%)
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FIGURE 1.3 (CONTINUED)
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Source: FAO. 2020. FAOSTAT. In: FAO. Rome. www.fao.org/faostat/en/#data/QC

1 4 Land_use trends Table 1.2 lists the land-use categories that

are used to capture land productivity at the
global level. These categories are reported

Land used for all agricultural uses was about at the national level and compiled in the
4 752 million ha in 2019. This reflects an FAO Statistical Database (FAOSTAT) to
overall decline in land use since 2000 (Fig- form the statistical framework for report-
ure 1.5), mainly attributed to a decline in ing agricultural statistics. Land-use classes
permanent pastures and meadows used for conform with the mapping land-use types used
livestock husbandry. in Global Agro-Ecological Zones (GAEZ) v4.
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FIGURE 1.4 FOREST-COVER TRENDS, 1990—2020 (MILLION ha PER YEAR)
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Source: FAO. 2020. Global forest resources assessment 2020: Key findings. Rome. https://doi.org/10.4060/ca8753en

Land-cover classifications (specifically
GLC-SHARE) and areas equipped for irriga-
tion (Global Map of Irrigated Areas; GMIA
vb5) guide the distribution in order to down-
scale the production statistics. For cropped
land, the production area statistics are based
on reported production volumes, cropping
intensities and yields to derive harvested
areas for specific crops under rainfed or irri-

gated conditions.
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The overall distributions of land use and
farming systems identified in SOLAW 2021
remain broadly the same as those compiled
for SOLAW 2011 at global level (Map 1.5),
and the land-use statistical trends to 2019
are given in Figure 1.6. Since 2000 when
the original farming system descriptions
were compiled, aggregate land use for all
forms of agriculture (except aquaculture) has

FIGURE 1.5 AGRICULTURAL LAND-USE TRENDS, 1961—-2019 (MILLION ha)
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remained stable at around 4 800 million ha.
But this masks a significant decline in
permanent meadows and pastures since
2000 (net loss of 191 million ha) and the
continued increase in cropland (temporary
and permanent crops) of some 100 million ha
over the same period. The net forested area
continues to decline (by about 94 million ha
since 2000), although there have been slight
increases in the planted forest.

in soil structure and fertility and affect how
soils respond hydrologically. Notably, the
proportion of land equipped for irrigation to
cropped land rose from 19.4 percent in 2000 to
almost 22 percent in 2018. The conversions of
forested land to cropped land in the Amazon
and Congo basins are notable examples of the
scale of change. The aggregate impact of local
changes in oil palm plantations or draining
organic soils to convert wetland to cropped

land in Southeast Asia can be masked by

At the global level, changes in overall land use classification shifts. For example, plantation

appear small, but at country and local levels, development can register as a gain in forested

shifts in land use and agricultural practices land and permanent crops. Also the land

are significant. These changes trigger losses registered as equipped for irrigation does not

MAP 1.5 MAJOR AGRICULTURAL SYSTEMS IN 2010

[l Rainfed agriculture: highlands [ ] otherland

|:| Rangelands: boreal

|:| Desert
[l Forest

. Irrigated crops: other than paddy rice I:l Rainfed agriculture: humid tropics

. Irrigated crops: paddy rice

. Rainfed agriculture: sub-tropics D Rangelands: sub-tropics

[ ] Rainfed agriculture: dry tropics [ Rainfed agriculture: temperate [ ] Rangelands: temperate

—: Dotted line represents approximately the
- - Line of Control in Jammu and Kashmir

agreed upon by India and Pakistan. The
final status of Jammu and Kashmir has not

Source: FAO. 2011. The state of the world’s land and water resources for food and agriculture: Managing yet been agreed upon by the parties.

systems at risk. Rome, FAO and London, Earthscan. www.fao.org/3/i1688e/i1688e.pdf
Modified to comply with UN. 2020. Map of the World. https://www.un.org/geospatial/file/3420

Final boundary between the Sudan and
South Sudan has not yet been determined

1. STATUS OF AND TRENDS IN LAND, SOIL AND WATER RESOURCES




©
=
z
o
-
=
2
(%]
al
=
L
o
T
L
%]
=)
a)
Z
<
—l

FIGURE 1.6

Cropland area

1600

1550

1500

1450

1400

1350

1300

1250

1200

Arable land area

1400

1380

1360

1340

1320

1300

1280

1260

1240

1220

1200

Agricultural land area

5000

4900

4800

4700

4600

4500

4400

4300

4200

i
N
o
N
w
o
)
5
o}
O
o
Q
<
[a)
zZ
<
a
o
o
L
o
o
L
)
Ll
(@)
o
2
O
)
w
@
o
i
<
2
a
Z
<
[a)
Z
<
]
0
a
-
@
(@)
2
w
T
T
LL
(@)
_.__|._
<
wn
w
T
T




@
LLI
-}
Z
T
pa
O
e
(e}
-
Ll
@
>
o
L

Land under permanent meadows and pasture areas

3450
3400
3350
3300
3250
3200
3150
3100
3050
3000
2950

Land under permanent crops area

180

160

140

120

100

80

60

40

20

Forestland area

4250

4200

4150

4100

4050

4000

3950

[7p]
LLl
O
o
2
o)
(7]
L
o
n g
i
S
a]
Z
<
|
o)
(9]
a
zZ
<
-
Z
(7]
]
Z
L
o
T
]
zZ
<
LL
o
(2]
m
=
7]
-




Land area equipped for irrigation
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FIGURE 1.6 (CONTINUED)
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Source: FAO. 2020. FAOSTAT. In: FAO. Rome. www.fao.org/faostat/en/#data/QC

imply this is the irrigated land area that will
be recorded as the harvested area in any one
calendar year as this is a function of cropping
intensity.

1.4.1 Rainfed agriculture
and the impact of drought

Rainfed agriculture is the predominant
agricultural production system worldwide.
Strictly defined, it depends exclusively on
rainfall for crop production, with no perma-
nent source of irrigation. In 2018, the world
cultivated area was 1 557 million ha, of which
1 221 million ha (78 percent) was rainfed,
producing about 60 percent of global crop
outputinawidevariety of production systems.

The areal extent of productive rainfed crop-
land has not changed significantly since
the middle of the twentieth century, but
this masks the extent to which land newly
converted from forests and grasslands to
arable farming has replaced degraded and
abandoned land. The risks of resource degra-
dation are high during periods of drought

when SOC can be mineralized, although some
land may not be permanently degraded and
can be brought back into cultivation after long
periods of fallow. National data on the extent
of rainfed farming systems affected by land
degradation are limited; it is therefore diffi-
cult to estimate the precise areas involved.

The most productive rainfed cropping occurs
in the temperate zones of Northern America
and Europe, and in the subtropics and humid
tropics. Rainfed cropping in highland areas
and the dry tropics tends to be relatively low
yielding, with low-input practices associated
with subsistence farming. Trends in rain-
fed areas differ regionally. In sub-Saharan
Africa, where 97 percent of staple production
is rainfed, the area of cereals has doubled
since 1960. In Central America and the Carib-
bean, rainfed cultivation has expanded by
25 percent in the last 40 years.

The focus on dryland systems at the end
of Chapter 4 discusses the combination of
drought impacts in dry lands where, even
during regular seasonal cycles, increases in
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livestock traffic and cropping intensities can
lead to rapid deterioration in soil fertility,
biodiversity and soil structure, leaving large
swathes of semi-arid subtropical land prone
to degradation.

1.4.2 Irrigated agriculture

Irrigation plays a significant role in secur-
ing food supplies and supporting economic
development in many countries. Its impor-
tance is likely to grow, given the impacts
of climate change. Irrigated production is
responsible for approximately 40 percent of
agricultural output (FAO et al., 2018). Land
equipped for irrigation can stabilize the
production of high-value crops, particularly
eliminating the risk of unreliable rainfall,
but, more importantly, delivering adequate
soil moisture at the right time to maximize
yield response. Irrigation in combination
with drainage offers an important adaptation
strategy to combat drought and flooding risk
as the climate changes.

Land area equipped for irrigation? (includ-
ing all full water control irrigation systems,
equipped wetlands and spate irriga-
tion) has almost doubled over the past
60 years, from 139 million ha in 1961 to
over 328 million ha in 2018, with groundwa-

ter-sourced irrigation accounting for some

2 The area equipped for irrigation refers to the area
equipped to provide water — via irrigation — to crops.
Itincludes areas equipped for full control irrigation and
partially controlled irrigation (equipped lowland areas
and areas equipped for spate irrigation).

108 million ha, 33 percent of the equipped
area (Table 1.3). Over the same period, land
equipped for irrigation has increased from
10 percent of the total cultivated land to
21 percent. Since 2010, equipped areas have
exhibited little or no growth in reported
statistics, even as the global production of
irrigated cropscontinuestoincrease. Thismay
be due to changes in the pattern of produc-
tion such as: increased cropping intensities
and yields on existing continuously irrigated
areas; infilling of gaps between equipped
areas and actually irrigated areas (areas
harvested); and production from areas not
registered in national statistics as ““equipped
forirrigation™. The latter may reflectinformal
and temporary irrigation systems or simply
land that is equipped and not reported. This
is particularly the case in the Near East and
Arabian Peninsula subregions, which have
experienced dramatic increases in livestock
production derived from irrigated fodder and
the expansion of vegetable and citrus produc-
tion under protected cover, including tempo-
rary and permanent shade and greenhousing.
Downscaling national statistics is improving
due to the use of higher-resolution and cali-
brated remote-sensing techniques, such as
the moderate-resolution imaging spectro-
radiometer platform using the normalized
difference vegetation index (NDVI).

In 2018, the Asian continent had 70 percent
of the world’s area equipped for irrigation,
mainly in the South Asia and East Asia subre-
gions, and 32 percent of the cultivated area
(Table 1.3, Figure 1.7 and Figure 1.8). Africa,
particularly sub-Saharan Africa, had the
smallest equipped area in 2018, accounting
for only 3 percent of global irrigated land.
Irrigation is essential in Northern Africa,
representing 27 percent of the cultivated area.
Countries with the largest land area equipped
forirrigation were China (70 million ha), India
(70 million ha), the United States of America
(27 million ha) and Pakistan (20 million ha).
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Figure 1.9 illustrates trends in irrigated areas
as a percentage of cultivated area in 2000,
2012 and 2018.

In the 1960s and 1970s, the push to intensify
under the Green Revolution was primarily

responsible for a 2 percent annual increase
in the land area equipped for irrigation. By
the 1980s, this slowed to less than 1 percent.
As a percentage of the cultivated area, irriga-
tion increased in almost all regions, mainly
where irrigated agriculture dominated, such

TABLE 1.3 AREAS EQUIPPED FOR IRRIGATION, 1961, 2012 AND 2018

CONTINENT, REGION EQUIPPED AREA EQUIPPED AREA AS GROUNDWATER

(million ha) A PERCENTAGE OF IRRIGATION (2018)
CULTIVATED AREA (%)
YEAR 1961 2012 2018 1961 2012 2018 AREA PERCENTAGE
EQUIPPED OF TOTAL
(million ha) IRRIGATED
AREA (%)
Africa 74 15.2 15.8 4.4 5.6 5.7 3.0 19.0
Northern Africa 39 73 76 171 255 26.3 2.3 310
Sub-Saharan Africa 815 79 8.2 24 32 33 0.7 9.0
Americas 22.6 513 53.6 6.7 14.0 145 22.0 41.0
Central America and 17.4 21 22 6.7 14.4 14.7 0.4 20.0
Caribbean
Northern America 0.6 33.6 35.2 55 152 159 20.2 57.0
Southern America 4.7 155 16.2 6.8 119 12.3 15 9.0
Asia 95.6 231.8 2329 19.6 39.9 394 79.0 34.0
Central Asia 9.6 135 12.7 16.2 29.3 273 0.9 7.0
East Asia 72 73.8 74.8 134 50.5 514 19.7 26.0
South Asia 36.3 96.6 97.2 19.1 452 454 478 49.0
Southeast Asia 345 22.6 22.9 297 19.8 18.6 0.9 4.0
Western Asia 8.0 25.3 254 11.7 42,0 413 95 38.0
Europe 12.3 22.0 23.0 3.6 7.6 8.0 3.2 14.0
Eastern Europe and 8.7 6.3 6.3 5.8 3.9 38 05 8.0
Russian Federation
Western and Central 3.6 15.6 16.7 1.9 12.3 134 2.8 170
Europe
Oceania 11 3.0 3.2 3.2 9.1 9.3 11 6.0
Australia and New 11 30 30 32 9.3 95 11 6.0
Zealand
Pacific Islands 0.0 0.0 0.0 0.2 05 0.6 0.0 12.0
World 139.0 323.3 328.3 10.2 20.9 211 108.3 33.0
High income 26.7 539 55.2 6.9 15.3 15.6 222 40.3
Low and middle 66.6 269.4 2732 23.6 22.6 22.7 851 31.2
income

Source: FAO. 2021. AQUASTAT — FAO’s Global Information System on Water and Agriculture. In: FAO. Rome.
www.fao.org/aquastat/en
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FIGURE 1.7 GLOBAL DISTRIBUTION OF IRRIGATED SURFACES BY GEOGRAPHICAL REGION, 2018
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Source: FAO. 2021. AQUASTAT — FAO’s Global Information System on Water and Agriculture. In: FAO. Rome. www.fao.org/aquastat/en

FIGURE 1.8 AREA EQUIPPED FOR IRRIGATION BY GEOGRAPHICAL REGION, 2000, 2012 AND 2018
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as Northern Africa, South Asia and East Asia.
Globally, the annual growth rate has slowed
to less than 0.5 percent, but this is based
on reported statistics only. The develop-
ment of new irrigated areas is evident from
imagery and moderate-resolution imaging
spectroradiometer data (FAO Water Produc-
tivity Open-access Portal (WaPOR); FAO,
2022a), particularly the growth of centre
pivot installations, with each pivot reach
averaging 50 ha. This recent expansion of
centre pivot installations is apparent mainly
in the Nile basin and Arabian Peninsula where
high demand for irrigated fodder is concen-
trated (Alhumaid, 2020).

Some of the reasons for the overall decline
in growth rates include increasing irriga-
tion development costs, reduced government
support and financing, ageing infrastruc-
ture and lack of maintenance. But increasing

water demand for municipal and industrial
uses, declining freshwater sources and grow-
ing concerns for the aquatic environment
are also constraining growth. A contributing
factor in the 1980s was the loss of many
large schemes in Eastern Europe and the
former Soviet Union that proved unprofit-
able, and which were unable to adapt and
meet the requirements of commercial new
market-oriented private commercial farming
(Siebert and Ddll, 2007).

Since 2000, investments have moved from
developing large irrigation infrastructure,
including dams, reservoirs and large irriga-
tion systems, to improving on-farm irriga-
tion systems and including microirrigation
methods and more effective management
practices. The area equipped for micro-
irrigation (drip lines and sprinklers) in 2018
covered almost 70 million ha (21 percent)
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of the total
tion of precision irrigation is associated

equipped area. The adop-

with the uptake of protected cropping in
industrial-scale glasshouses and areas of
shade netting, particularly for high-value
horticultural crops. Many of these installa-
tions are visible on satellite imagery in the
Mediterranean basin and the Near East.

Existing irrigation schemes contend with
salinity and pollution build-up generated
by decades of maladapted drainage and soil
management practices. Options to manage
salinity are becoming limited in areas where
aridity is increasing (see section 1.5.3 on soil
salinization).

In addition to water scarcity, the availability
of suitable land for irrigation expansion is
another constraint as urban areas expand
and encroach on land previously dedicated to
irrigated production. Fragmentation of land
holdings and increases in land prices also
inhibit the development of contiguous areas
of formal production (Lowder, Sanchez and
Bertini, 2019).

Irrigated agricultural crops typically yield
at least twice that of nearby rainfed crops.
Rainfed cereals yield on average 1.5 tonnes/ha
in the developing countries, whereas irri-
gated cereals yield on average 3.3 tonnes/ha.
Irrigated cropping intensities are typically
higher, with two crops per year in most of

Asia. Irrigation continues to stabilize agri-
cultural output, raising cropping intensity
and encouraging farmers to grow high-value
crops (Fuglie et al., 2020).

of 2012,
346 million ha of irrigated production was

In the baseline year some
harvested on 261 million ha of land equipped
for irrigation, indicating a global cropping
intensity of 130 percent (FAO, 2018a). Cere-
als accounted for over 60 percent of the
harvested area, vegetables for 10 percent,
fodder for 7 percent, oil crops for 7 percent,
fruit for 6 percent, fibre for 5 percent and
sugar for 4 percent.®* However, proportions
are changing in response to increasing
demands for different products, particularly

animal protein.

Land and water productivity under irrigation
presents a mixed picture. Figure 1.10 illus-
trates the impact of irrigation on vegetable
yields by region based on production statis-
tics compiled in 2012.

Map 1.6 shows economic water productivity
for rice. In Asia, subtropical climates and
short growing seasons favour higher crop-
ping intensities.

Map 1.7 illustrates economic water produc-
tivity for wheat. For instance, productivity
is low in Punjab, India, because of the large
volumes of water required to grow wheat.
This contrasts with high productivity in
Western Europe, where water consumption is
lower, and fertilizer and pesticide inputs are
relatively high.

3 Note that FAOSTAT (FAO, 2020a) data show crop
production and may differ from the FAO Global
Information System on Water and Agriculture
(AQUASTAT) data (FAO, 2021b). In some regions, the
same area is harvested twice in the same year and so
some areas are counted twice. Also, the actual area
irrigated must tally with production data and is always
less than the area equipped for irrigation as given in
AQUASTAT.
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FIGURE 1.10 VEGETABLE YIELDS BY REGION, 2012 (TONNES/ha)
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Source: FAO. 2020. The state of food and agriculture 2020. Overcoming water challenges in agriculture. Rome.
https://doi.org/10.4060/cb1447en

MAP 1.6 ECONOMIC WATER PRODUCTIVITY FOR RICE, AVERAGE 1996—2005 (USD/m?)
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The most productive areas equipped for irri-
gation are in broad alluvial plains, deltas and
coastal margins in subtropical climates with
high evaporation rates, monsoonal rainfall,
inundation and susceptibility to salinization.
In these irrigated systems, the annual crop
production cycle is highly conditioned by
climatic volatility — prolonged periods of
drought and higher-frequency intensified
rainfall and associated flooding. The land’s
ability to recover from flooding to maintain
cropping calendars is an important element
of the resilience of irrigated farming systems.
In the Indus basin, the July—September flood
event in 2010 inundated at least 3.7 million ha
of productive irrigated floodplain, disrupting
rice food systems and industrial crops such as
cotton, well into 2011 (NASA, 2011). The 2018

South Sudan has not yet been determined.

drought in southern Australia affected large
areas, but even with reduced water alloca-
tions, productivity levels on irrigated land
were sustained (Hatfield-Dodds et al., 2018).

1.4.3 Land for livestock
production

The rapid expansion of animal protein
consumption in the latter half of the twen-
tieth century is a feature of global food
production assessments (FAO, 2017a, 2020c¢).
Global land use dedicated to livestock
production (permanent pastures and mead-
ows) peaked around 2000 at 3.4 billion ha,
and has since declined to around 3.2 billion ha
in 2019 (Figure 1.11). The increase in animal
protein consumption in the twentieth century
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FIGURE 1.11

is reflected in the expansion of pasture
before 2000. The subsequent decline reflects
the increase in livestock productivity and
stocking intensity including growth in zero-
grazing feedlots (FAO, 2019a).

Livestock production (including pasture,
rangeland and cropland for feed) represents
almost 80 percent of all agricultural land,
with feed production taking up roughly
one-third of total cropland. Yet, the grass-
land and shrub-covered areas used to graze
animals or as sources of fodder have signifi-
cantly declined by 191 million ha over two
decades to an area of 3 196 million ha in
2019, due to pressures of converting to crop-
land. Moreover, 13 percent of the grassland
area has degraded due to high anthropo-
genic pressures, and 34 percent has reduced
biophysical status, notably due to overgraz-
ing and inadequate livestock mobility causing
soil compaction and erosion, thus affecting
soil function, plant growth and hydrological
services.

Intensive livestock production has grown
rapidly to meet expanding meat demand
in middle- to high-income countries. This

places pressure on in situ water resources and
soil resources for intensive feed and forage
production. Some 12 percent of irrigation
water withdrawals is attributable to fodder
crops (FAO, 2019a). Concentrating inputs and
animal waste have resulted in energy use
from fossil fuels, methane emissions and
point-source water pollution from nutrients
and antibiotics. Livestock and forest options
also need analysing for a complete land-use
scenario development for future produc-
tion systems.

Rural communities living in dry lands have
developed agricultural systems and practices
thatare adaptedtoarid, semi-aridand subhumid
conditions and drought risk over generations of
experience. These populations that depend on
limited land potential and water resources have
developed mixed crop—livestock systems based
on short-season drought-resilient crops and
receding floodwaters alongside wetlands and
river plains. They can provide lessons for
countries recently experiencing water short-
age and drought due to climate change.

Overgrazing is also degrading grasslands,
and erosion rates are increasing where over-

GLOBAL LAND USE UNDER PERMANENT MEADOWS AND PASTURES, 1961-2019
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grazing occurs (Pimentel and Burgess, 2013).
Protecting and conserving grasslands require
the fostering of crop rotations and seeded
pastures in cropped grassland areas and
improvements in grazing management.

The declining trend in land use for live-
stock production may flatten out as limits to
productivity are approached in some regions,
and demand for animal protein is saturated
(FAO, 2018b). Land used for livestock produc-
tion (including pastureland, rangeland and
cropland) represents almost 80 percent of
all agricultural land, with feed and fodder
production taking up roughly one-third of
total cropland (FAO, 2018b).

Intensive livestock production is apparent
where higher livestock densities occur and
feed and water inputs are concentrated,
placing pressure on in situ water resources
(notably groundwater) and soil resources
for higher forage production rates. Adopting
zero-grazing or feedlot systems in semi-arid
and humid zones has reduced soil compac-
tion and poaching from grazing livestock.
However, concentrated inputs and animal
waste have resulted in higher point-source
water pollution from nutrients and antibiot-
ics. Additional demand for imported feed and
forage production is significant, particularly
for high-protein feed crops such as soya.
Estimates suggest that up to 12 percent of irri-
gation water withdrawals may be attributed
to fodder crops (Mekonnen and Hoekstra,
2012). However, in practice, national report-
ing of fodder crop production has proved so
unreliable and inconsistent that FAOSTAT no
longer reports fodder production.

Projected grassland soil carbon seques-
tration is significant. Estimates suggest
improved grazing management practices
could sequester 409 million tonnes CO,-eq
of carbon annually on pastureland. A further

176 million tonnes CO,-eq of sequestered
emissions (net of increased nitrous oxide
emissions) annually would be possible by
sowing legumes in some grassland areas.
Thus, a combined mitigation potential of
585 million tonnes CO,-eq is estimated,
representing about 8 percent of livestock
supply-chain emissions (FAO, 2013a).

The current pattern of dryland management
is responsible for losing significant amounts
of carbon, driven mostly by increasing human
and livestock pressures. Dryland soils tend to
be low in carbon due to limited replenish-
ment and loss to mineralization of humic
complexes when dehydrated. Thus, they are
susceptible to degradation by mechanical
erosion (wind and water), but their potential
to sequester carbon may be high. Estimates
suggest that by 2030, improved rangeland
management has the biophysical potential
to sequester 1.3—2.0 billion tonnes CO,-eq
worldwide (Tennigkeit and Wilkes, 2008).

1.4.4Inland fisheries
and aquaculture

The growth in freshwater fish capture and
aquaculture as the dominant form of fish
production is significant, signalling the
conversion of freshwater habitats with some
using saline—alkaline water to raise marine
species (FAO, 2020d). Significant regional
differences in production levels reflect the
distribution of freshwater habitats and
geographical gradients in climate, geology,
land use, biodiversity, human population
density and economic activity. Figure 1.12
exhibits the growth in fish capture produc-
tion by producers in South Asia and East Asia.
Map 1.8 presents the distribution of inland

fish capture in relation to major river basins.

Inland fisheries are subject to impacts

from a range of human-induced drivers
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FIGURE 1.12 TOP FIVE INLAND WATERS FISH CAPTURE PRODUCING COUNTRIES, 1999-2018
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Source: FAO. 2020. The state of world fisheries and aquaculture: Sustainability in action. Rome.
https://doi.org/10.4060/ca9229en
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including competition for freshwater from
irrigation and agriculture and impacts on
habitat connectivity caused by water control
infrastructure. This includes dams and flood
protection, water regulation and pollution
caused by runoff and drainage. Pekel et al.
(2016) note that between 1984 and 2015,
90 000 km? of permanent water bodies has
vanished altogether and over 72 000 km?
has transitioned from permanent water bodies
to seasonal waterbodies disconnected for
periods of the annual water cycle. This
disruption of natural surface water area and
connection has diminished the potential for
fish capture and aquaculture, while pollu-
tion from land-based source nutrients and
pesticides has resulted in eutrophication of
fish habitats and high rates of fish mortality
(Funge-Smith, 2018).

Inland capture fisheries produce some
12 million tonnes of fish annually (12.5 percent
of the total global capture fishery production),
which is sufficient to meet the animal protein
requirements of more than 160 million people
(FAO, 2020d). More than 40 percent of the
world’s inland fish capture harvest comes
from 50 low-income food-deficit countries.
Inland fish provide nutritional quality to diets
that are otherwise poor in nutrients, minerals
and vitamins. Emissions of GHGs associated
with inland capture fisheries are relatively
small compared to livestock and rice produc-
tion, as most fish harvested are consumed
or sold locally, and fishing activities rely on
manual labour and low transportation costs
(Welcomme et al., 2016).

Inland aquaculture increased from less than
1 million tonnes of annual live weight produc-
tion globally in 1950 to 51.3 million tonnes
in 2018. It contributes 62.5 percent of the
world fish production (FAO, 2020d). Rice—
fish culture, often operating at a family scale
with renovated paddy fields, has expanded
rapidly among rice farmers in China in recent
decades. In 2008, an estimated 1.5 million ha
of rice fields was used for aquaculture (FAO,
2020a). Cage aquaculture in freshwater lakes
and rivers has flourished in many coun-
tries as an efficient non-consumptive use
of freshwater. Asia (especially China) has
the greatest freshwater aquaculture produc-
tion in terms of land and water surface area.
Fish production in coastal and offshore
marine environments offers alternative and
new aquaculture opportunities when fresh-
water and land become scarce (Kapetsky,
Aguilar-Manjarrez and Jenness, 2013).

1.4.5 Forestland

The 4 060 million ha of forest cover assessed
in 2020 comprises tropical (45 percent),
boreal (27 percent), temperate (16 percent)
and subtropical (11 percent) forests (Map 1.9)
(FAO, 2020c). About 1 150 million ha is
managed primarily for producing wood and
non-wood forest products. Since 1990, the
area of multiple forest use has declined by
71 million ha, to 749 million ha in 2015.
Multiple use includes crop production,
which has been relatively stable since
1990. The total carbon stock in forests
declined from 668 billion tonnes in 1990
to 662 billion tonnes in 2020, while carbon
density increased slightly over the same
period, from 159 tonnes/ha to 163 tonnes/ha.
Most forest carbon is in the living biomass
(44 percent) and SOM (45 percent), with the
remainder in dead wood and litter.

Since 1990, the net decline in forest area
has amounted to some 420 million ha by
2020. Between 2015 and 2019, forest loss
was 10 million ha/year compared with
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MAP 1.9

12 million ha/year between 2010 and
2014. Between 2010 and 2019, the high-
est net forest loss rates occurred in Africa
(3.9 million ha/year) and Southern Amer-
ica (2.6 million ha/year). Taking account of
forest expansion through regeneration and
afforestation, the overall net annual decline
between 2010 and 2020 was 4 million ha/year,
compared with 5.2 million ha/year between
2000 and 2009 and 7.8 million ha/year
between 1990 and 2000 (Figure 1.13 and Fig-
ure 1.14).

The area of primary forest decreased by
81.3 million ha between 1990 and 2019.
The average annual rate of loss of primary
forest was 3 410 million ha in 1990—2000
and 3 450 million ha in 2000—2010; the rate
dropped substantially in the latest decade, to
1 270 million ha. The biggest average annual
loss of primary forest area in 2010—2019
was in Africa, at 849 thousand ha, up from

. Boreal . Temperate D Subtropical

GLOBAL DISTRIBUTION OF FORESTS BY CLIMATE DOMAIN, 2020

611 thousand ha in 1990—1999 and 585 thou-
sand ha in 2000—2009. The increase since
2010 is due largely to the Democratic Republic
of the Congo, where the average annual rate
of loss was 723 thousand ha in 2010—2019, up
from 442 thousand ha in 1990—2009.

Primary forest covers only 1 110 million ha,
natural regeneration covers 3 750 million ha
and plantation forest covers 131 million ha.
Regional variations are significant in rela-
tion to the Amazon and Nile/Congo basin
hydrology and the primary forest func-
tion of sequestering carbon and absorbing
carbon dioxide. The global trend can also
mask significant increases at the country
level. For instance, the slowing rate of loss
of Amazon forest cover in the Legal Amazon
region of Brazil observed after 1990 has been
reversed, from some 4 600 km?#/year in 2012 to
13 200 km?/year in 2021 (TerraBrasilis, 2022).

. Tropical

Source: FAO. 2020. Global forest resources assessment 2020: Key findings. Rome. https://doi.org/10.4060/ca8753en
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