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Satisfying the increased demand for food is placing pressure on 
the world’s water, land and soil resources. Agriculture has its part 
to play in alleviating these pressures and contributing positively 
to climate and development goals. Sustainable agricultural 
practices can lead to direct improvements in the state of land, 
ƊŜĳŉ΄åœĈ΄ƶåƖĎƂ͚ ΄åœĈ΄ħĎœĎƂåƖĎ΄ĎāŜƊƼƊƖĎő΄ĀĎœĎǙƖƊ΄åƊ΄ƶĎŉŉ΄åƊ΄
reduce emissions from land. Accomplishing all these requires 
accurate information and a major change in how we manage the 
ƂĎƊŜƞƂāĎƊ͟΄NƖ΄åŉƊŜ΄ƂĎƁƞĳƂĎƊ΄āŜőſŉĎőĎœƖĳœħ΄ĎǖŜƂƖƊ΄ĦƂŜő΄ŜƞƖƊĳĈĎ΄
the natural resources management domain to maximize 
ƊƼœĎƂħĳĎƊ΄åœĈ΄őåœåħĎ΄ƖƂåĈĎͲŜǖƊ͟

The objective of The state of the world’s land and water resources 

for food and agriculture (SOLAW 2021) report is to build awareness 
of the status of land and water resources, highlighting the risks, and 
informing on related opportunities and challenges. It also aims to 
underline the essential contribution of appropriate policies, institutions and 
investments. Recent assessments, projections and scenarios point to the 
accelerated depletion of land and water resources and associated loss of 
biodiversity. The SOLAW 2021 report highlights the major risks and trends 
related to land, soil and water resources, and presents the means for resolving 
āŜőſĎƖĳƖĳŜœ΄åőŜœħ΄ƞƊĎƂƊ΄åœĈ΄ħĎœĎƂåƖĳœħ΄ƖĮĎ΄ĈĎƊĳƂåĀŉĎ΄ĀĎœĎǙƖƊ͟΄¯ĮĎ΄ƂĎſŜƂƖ΄
provides an update of the knowledge base and presents a suite of responses 
and actions to enable decision makers to make an informed transformation 
from degradation and vulnerability towards sustainability and resilience.
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FOREWORD

The state of the world’s land and water resources for food and agriculture (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. 

I invite you to read the SOLAW 2021 report with a view to the fundamentals of all terrestrial agrifood 

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.

Dr QU Dongyu 

FAO Director-General
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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 

Development, the Paris Agreement on climate change, the Sendai 

Framework for Disaster Risk Reduction 2015–2030, the Small 

Island Developing States Accelerated Modalities of Action, the New 

Urban Agenda and the Addis Ababa Action Agenda on Financing for 

Development. The frameworks have introduced the Sustainable 

Development Goals (SDGs), nationally determined contributions 

(NDCs) and land degradation neutrality (LDN). In particular, 

there are dedicated 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: Systems at breaking point (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. 

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.

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. 
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X

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 to 

accessing food in an ever-demanding food chain, guarantee-

ing nature-positive production, advancing equitable liveli-

hoods, and building resilience to shocks and stresses arising 

from natural disasters and pandemics. They all start from land 

and water access and governance. Sustainable land, soil and 

water management also underpins 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 fresh water 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. This 

synthesis report presents the main findings and recommendations of the full SOLAW 2021 report 

and its annexes and background reports, which will be published in early 2022.

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 (DPSIR) approach. 

This is a well-established framework for analysing and reporting important and interlinked 

taking care of land, 
water and particularly the 
long-term health of soils is 
fundamental to accessing 
food in an ever-demanding 
food chain.
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relationships among sustainable agricultural production, society and the environment. The 

DPSIR approach provides a structure to report on cause–effect relationships to arrive at key 

policy recommendations 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, livestock fodder 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 

felt widely in rural communities, particularly where the resource 

base is limited and dependency is high, and to a certain extent 

in poor urban populations where alternative sources of food are 

limited. Human-induced deterioration of land, soil and water 

resources reduces production potential, access to nutritious food 

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 varia-

tions in soil and water processes. Management options are avail-

able to increase productivity and production levels if innovation 

in management and technology can be taken to scale to transition 

to sustainable agrifood systems. However, none of these can go 

far without planning and managing land, soil and water resources 

through effective land and water governance.

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. 
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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 (SLM), sustain-

able soil management and integrated water resources manage-

ment (IWRM) are all examples of such approaches, which can be 

blended with technology innovation, data and policies to acceler-

ate 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 

disadvantaged groups, with most living in rural areas. While 

technical solutions to specific land and water challenges may be 

within grasp, much will depend on how land and water resources 

are allocated. Inclusive forms of land and water governance 

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” (BAU) 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.

Injecting a sense of 
urgency into making the 
necessary transformations 
in the core of the global 
food system is essential.
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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 smallholders 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.



Agriculture

Ģŭ�Ö�ŭĢėłĢƩóÖłŶ�
contributor to water 

stress in countries with 

high levels of water stress. 

(See map on page 17.)
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¢ŜőĎ΄ņĎƼ΄ǙœĈĳœħƊ΄ĳœ΄ƖĮĳƊ΄ƊĎāƖĳŜœ͛
Land and water systems are under pressure: Advances in 
food systems require focusing on land, soils and water as 
interconnected systems.

!ŽũũāłŶ� ťÖŶŶāũłŭ� ŋĕ� ĢłŶāłŭĢƩóÖŶĢŋł� Öũā� łŋŶ� ťũŋƑĢłė����������
sustainable: High levels of pollution and greenhouse gas 
emissions are stretching the productive capacity to the 
limit and severely degrading land and environmental 
services. 

!ķĢĿÖŶā� óĞÖłėā̆ Evapotranspiration is expected to 
increase and alter the quantity and distribution of rainfall, 
leading to changes in land/crop suitability and greater 
ƑÖũĢÖŶĢŋłŭ�Ģł�ũĢƑāũ�ũŽł̟ŋƦ�Öłù�ėũŋŽłùƒÖŶāũ�ũāóĞÖũėā̍
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There is little room for 

expanding the area of 

productive land, yet 

98 percent of food 

is grown on land. 
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2 1. STATE OF LAND, SOIL AND WATER

1.1 Pressures on land 
resources under 
climate change

1.1.1 Agricultural land 
use and climate 
�ėũĢóŽķŶŽũā�Žŭāŭ�ŭŋĿā�˓ ̵̟ ˔ˏ̵ĿĢķķĢŋł̵ĞÖ�ŋĕ�ķÖłù�
for cultivating crops and animal husbandry. 
Cultivated temporary and permanent crops 
ŋóóŽťƘ� ŋƑāũ� ː̵ ˔ˏˏ̵ ĿĢķķĢŋł̵ ĞÖ̇� ƒĞĢķā� ķÖłù�
under permanent meadows and pastures 
ŋóóŽťĢāŭ�ÖķĿŋŭŶ�˒̵˒ˏˏ̵ĿĢķķĢŋł̵ĞÖ̍�¦Ğā�ŋƑāũ-
all change in agricultural land area since 
2000 is small, but land under permanent 
and irrigated crops has increased, while land 
under permanent meadows and pastures has 

significantly declined. Rapid growth in urban 
areas has displaced all types of agricultural 

ķÖłù�Žŭā�̛mÖť̵�̍ː̜�̛¦Öðķā̵�̍ː̜̍

The agroclimatic context for the pattern of 

land use is changing rapidly. Farming enter-

prises are adapting to new thermal regimes 

that can upset crop growth stages and their 

supporting soil ecologies, with specific impli-

cations for spreading crop disease and pests 

̛mÖť̵�̍ˑ̜̍�DŽłùÖĿāłŶÖķ�óĞÖłėāŭ�Ŷŋ�ŶĞā�ƒÖŶāũ�

cycle, particularly the patterns of rainfall 

and periods of drought, are forcing adjust-

ment of rainfed and irrigated production. 

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 

ũāĕāũāłóā�ķāłėŶĞŭ�̛mÖť̵�̍˒̜̍

Map S.1 DomInAnT LAnD-Cover CLAsses

Note: Cropland includes 
herbaceous and woody crops.
Source: FAO and IIASA, 2021 
modified to comply with UN, 2021.

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

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

>50% ArtiǙcial surface
Other land cover associations
Water, permanent snow, glacier

Map S.2 meAn TemperATure ChAnge, 1961–2020 (° C)
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Map S.1 DomInAnT LAnD-Cover CLAsses Map S.2 meAn TemperATure ChAnge, 1961–2020 (° C)

Table S.1 LAnD-use CLAss ChAnge, 2000–2019 (mILLIon ha)

LAnD-use CLAss 2000 2019 ChAnge 

Land under permanent meadows and 
pastures

̈΅̈̍̌ ̈΅̆̎̋ Ῠ̎̆

Arable land (land under temporary crops) ̆΅̈̊̎ ̆΅̈̍̈ +24

Land under permanent crops 134 ̆̌̅ +36

Cropland (arable land and permanent 
crops) 

̆΅̉̎̈ ̆΅̊̊̋ +63

Agricultural land (total of cropland and 
permanent meadows and pasture)

̉΅̍̍̅ ̉΅̌̊̇ Ῠ̇̍

Land area equipped for irrigation ̇̍̎ 342 +53

AŜƂĎƊƖ΄ŉåœĈ΄ͬŉåœĈ΄åƂĎå΄Ϊ΄̅̊͟΅Įå΄ƶĳƖĮ΄ƖƂĎĎƊ΄Ϊ΄
̊΅ő΄Τ΄̆̅μ΄āåœŜſƼ΄āŜƵĎƂͭ

̉΅̆̊̍ ̉΅̅̋̉ Υ̎̉

other land ̈΅̎̋̍ ̉΅̆̍̍ +220

Source: FAO, 2020a.

Source: FAO, 2020a 
modified to comply with 
UN, 2021.

-0.02 - 0 0 - 0.7 0.7 - 1.4 1.4 - 2.1 2.1  - 2.8 2.8 - 3.5 >3.5 No data
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The net annual forest cover loss between 2010 

Öłù�ˑˏˑˏ� Ģŭ� āŭŶĢĿÖŶāù�ÖŶ�˓̍˖̵ĿĢķķĢŋł̵ĞÖ̓ƘāÖũ�

óŋĿťÖũāù� ƒĢŶĞ� ˔̍ˑ̵ ĿĢķķĢŋł̵ ĞÖ̓ƘāÖũ� ðāŶƒāāł�

ˑˏˏˏ� Öłù� ˑˏːˏ� Öłù� ˖̍˗̵ ĿĢķķĢŋł̵ ĞÖ̓ƘāÖũ�

between 1990 and 2000, taking account of 

forest expansion through regeneration and 

ÖĕĕŋũāŭŶÖŶĢŋł�̛DĢėŽũā̵�̍ː̜̍

Climate change impacts on the water cycle 

are expected to significantly affect agri-

cultural output and the environmental 

performance of productive land and water 

systems. Climate models predict decreases in 

renewable water resources in some regions 

(mid-latitude and dry subtropical regions) 

and increases in others (mainly high lati-

tudes and humid mid-latitude regions). Even 

where increases are projected, there may 

be short-term shortages due to changing 

streamflow caused by greater variability in 

rainfall. 

1.1.2 Forest cover
As part of the global carbon cycle, forest cover 

is a valuable indicator of climate health. Global 

ĕŋũāŭŶ�ķÖłù�óŋƑāũ�Ģŭ�ıŽŭŶ�ŋƑāũ�˓̵ðĢķķĢŋł̵ĞÖ̇�ŭŋĿā�

˒ˏ̵ ťāũóāłŶ� ŋĕ� ŶĞā� ŶŋŶÖķ� ķÖłù� ÖũāÖ� ̛mÖť̵ �̍˓̜̍�

Map S.3 reFerenCe LengTh oF The growIng perIoD, 1981–2010

Source: FAO and IIASA, 2021 
modified to comply with 
UN, 2021.

 

0
Days

+360

Map S.4 gLobAL DIsTrIbuTIon oF ForesTs by CLImATe DomAIn, 2020

FIGURe S.1 gLobAL ForesT AreAs In 2020 AnD neT ChAnges by DeCADe, 1990–2020

©
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Map S.3 reFerenCe LengTh oF The growIng perIoD, 1981–2010 Map S.4 gLobAL DIsTrIbuTIon oF ForesTs by CLImATe DomAIn, 2020

FIGURe S.1 gLobAL ForesT AreAs In 2020 AnD neT ChAnges by DeCADe, 1990–2020

Source: FAO, 2020b 
modified to comply with 
UN, 2021.

Source: FAO, 2020b.
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The global distribution of salt-affected 

ŭŋĢķŭ� ̛mÖť̵ �̍˕̜� ũāĕķāóŶŭ� łÖŶŽũÖķķƘ� ŭÖķĢłā� Öłù�

sodic soils and a build-up of salts through 

human-induced soil water processes. 

Soil salinity is estimated to take up to 

ː̍˔̵ĿĢķķĢŋł̵ĞÖ� ŋĕ� óũŋťķÖłù�ŋŽŶ� ŋĕ� ťũŋùŽóŶĢŋł�

each year. Higher rates of evapotranspiration 

are expected to exacerbate the accumulation 

of salts in the surface horizons, but the extent 

ŋĕ� ŭŽðŭŋĢķ� ŭÖķĢłĢŶƘ� ÖŶ� ŶĞā� ˒ˏ̞ːˏˏ̵ óĿ� ùāťŶĞ�

range is much more pronounced.

1.1.3 The role of soils
Soils are an essential buffer or “regulator” 

of climate change. Soils under conven-

tional agriculture continue to be a source of 

carbon dioxide emissions, but conservation 

techniques can halt, and in some instances, 

reverse the loss of soil organic carbon (SOC) 

̛mÖť̵ �̍˔̜̍� �āÖŶ� ŭŋĢķ� ùāėũÖùÖŶĢŋł� Öłù� ùũÖĢł-

age release large amounts of carbon through 

decomposition. Fires in drained peatlands 

ÖóóŋŽłŶāù� ĕŋũ� ÖðŋŽŶ� ˓̵ ťāũóāłŶ� ŋĕ� ėķŋðÖķ� ĕĢũā�

emissions between 1997 and 2016. Agricul-

tural practices also cause soils to emit other  

greenhouse gases (GHGs) in addition to carbon 

dioxide, and climate change exacerbates these  

emissions. Soils emit nitrous oxide when fertil-

izers are applied, and when nitrogen-fixing 

crops are planted. They also emit methane 

when flooded for rice cultivation. 

Map S.5 gLobAL soIL orgAnIC CArbon, 2019 (tonnes/ha)

Note: The three largest SOC stocks 
are found in boreal moist regions 
͒˶˸˵ͅ˺ͪ�ĢͩŗġͩüàżûŗŎ͓ͩġŗńńŗƭĉăͩûƳͩ
cool temperate moist regions 
͒˾˽ͅ˽ͪ�ĢͩŗġͩüàżûŗŎ͓ͩàŎăͩƍżŗŹĮüàńͩ
ŌŗĮƄƍͩżĉĢĮŗŎƄͩ͒˽˵ͅ˹ͪ�ĢͩŗġͩüàżûŗŎ͓ͅ

Source: FAO, 2019, modified to 
comply with UN, 2021.

0 - 20 (very low) 20 - 40 (low) 40 - 70 (medium) 70 - 90 (high) > 90 (very high)

Map S.6 ¢�ā Ͳ�AA*�¯*$΄¢tNa¢͚΄̈̅ͯ̆̅̅΅cm, 2021
©

FAO
/Stefanie Glinski
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Source: FAO, 2021a, modified to 
comply with UN, 2021.

changes. Increasing evapotranspiration from 

cropland is anticipated, as is variable rainfall, 

leading to changes in land/crop suitability and 

reduced yields where temperature stresses 

1.1.4 Accumulation 
of pressures 
Pressures on land and water resources have 

never been so intense, and their accumula-

tion is pushing the productive capacity of 

land and water systems to the limit. Crop-

ķÖłù� ĢłóũāÖŭāù� ðƘ� ˓̵ ťāũóāłŶ� ̛˕˒̵ĿĢķķĢŋł̵ ĞÖ̜�

between 2000 and 2019. Growth in arable 

land, mainly for irrigated crops, doubled, 

while that for rainfed cropping increased by 

ŋłķƘ� ˑ̍˕̵ ťāũóāłŶ� ŋƑāũ� ŶĞā� ŭÖĿā� ŶĢĿā� ťāũĢŋù̍�

Population increases have meant agricultural 

land available per capita for crops and animal 

ĞŽŭðÖłùũƘ� ùāóķĢłāù� ðƘ� ˑˏ̵ ťāũóāłŶ� ðāŶƒāāł�

ˑˏˏˏ�Öłù�ˑˏː˖̇�Ŷŋ�ˏ̍ː˘̵ĞÖ̓óÖťĢŶÖ�Ģł�ˑˏː˖̍�

The impacts of climate change, from severe 

floods and droughts to persistent heat domes, 

are producing predicted and also surprising 

Map S.6 ¢�ā Ͳ�AA*�¯*$΄¢tNa¢͚΄̈̅ͯ̆̅̅΅cm, 2021

None

¢åŉƖ΄åǖĎāƖĎĈ

kŜ΄ĈåƖå

©
FAO
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In 2019, global anthropogenic emissions were 

54 billion tonnes of carbon dioxide equivalent 

(CO2-eq), of which 17 billion tonnes CO2-eq, 

or 31 percent, came from agrifood systems. 

In terms of single gases, agrifood systems 

generated 21 percent of carbon dioxide emis-

sions, 53 percent of methane emissions and 

78 percent of nitrous oxide emissions. Emis-

sions from agricultural land (farm gate) were 

the largest component of agrifood systems 

with around 7 billion tonnes CO2-eq, followed 

by pre- and post-production processes  

(6 billion tonnes CO2-eq) and land-use change 

(4 billion tonnes CO2-eq). While emissions 

from agrifood systems increased globally 

by 16 percent between 1990 and 2019, their 

share in total emissions decreased, from 40 

percent to 31 percent, as did the per capita 

emissions, from 2.7 to 2.1 tonnes CO2-eq per 

capita (Figure S.2).

attenuate carbon assimilation. Greater 

variations in river run-off and groundwater 

recharge are expected, affecting rainfed and 

irrigated agriculture. Absorbing extreme 

floods on previously drained agricultural 

land presents a dilemma for urban and rural 

flood disaster planning when nature-based 

solutions (NbSs) are deployed.

FIGURe S.2 gLobAL AgrIFooD sysTem ghg emIssIons by LIFe-CyCLe sTAge AnD per CApITA emIssIons

Source:  FAO, 2021b.

FIGURe S.3 ToTAL FACTor proDuCTIvITy growTh In worLD AgrICuLTure, 1961–2010
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for sustainable agriculture and efficient use 

of limited natural resources. While the use 

of agricultural inputs has intensified to meet 

current demand, the resulting environmen-

tal impacts have accumulated to the point 

where a wide range of environmental services 

are affected, limiting agriculture’s capacity 

to respond. At the same time, intersectoral 

competition for land and water resources 

is intense, so the scope to extend irrigated 

areas and convert new land to agriculture is 

extremely constrained. 

1.1.5 Implications for 
agricultural productivity
Future climate change scenarios point to the 

need for changing cropping patterns and 

management practices to adapt to changes 

in crop/land suitability. Agricultural systems 

are already adapting with more-precise 

use of technology and inputs, partly as a 

response to climate change, but mainly as a 

response to the more-sophisticated demands 

of the global food system. For this reason, the 

significance of traditional measures of land 

and water productivity has declined as more 

factors of production are taken into account. 

Indeed, while growth in agricultural land use 

and irrigated areas has stagnated, total factor 

productivity in agriculture has increased 

ðƘ� ˑ̍˔̵ ťāũóāłŶ� āÖóĞ� ƘāÖũ� ŋƑāũ� ŶĞā� ťÖŭŶ� ĕāƒ�

decades, reflecting greater efficiency in the 

use of agricultural inputs. It has replaced 

resource intensification as the primary source 

ŋĕ� ėũŋƒŶĞ� Ģł� ƒŋũķù� ÖėũĢóŽķŶŽũā� ̛DĢėŽũā̵ �̍˒̜̍�

This gain has raised awareness of the need 

FIGURe S.3 ToTAL FACTor proDuCTIvITy growTh In worLD AgrICuLTure, 1961–2010

Source: USDA, 2021.
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and increasing intensification on existing 

cropland are constrained by soil erosion and 

depletion of carbon, nutrients and soil biodi-

versity. The treatment of soils with inorganic 

fertilizers to increase or sustain yields has 

had significant adverse effects on soil health, 

and has contributed to freshwater pollution 

induced by run-off and drainage.

�ŋƗ̵�̍ː�ŭŽĿĿÖũĢơāŭ�ŶĞā�ĿāŶĞŋù�Žŭāù�Ŷŋ�Öŭŭāŭŭ�

global land degradation based on adaptation 

of the Global Land Degradation Information 

System (GLADIS).

1.2 Human-induced 
land degradation
As agriculture intensifies, converging 

evidence indicates the extent and sever-

ĢŶƘ� ŋĕ� ķÖłù� ùāėũÖùÖŶĢŋł� ̛mÖť̵ �̍˖̜̇� ƒĞāũā�

soil is eroded, nutrients are depleted and 

salinity increases. Human-induced degrada-

ŶĢŋł�ÖĕĕāóŶŭ�˒˓̵ťāũóāłŶ� ̛ː̵˕˕ˏ̵ĿĢķķĢŋł̵ĞÖ̜�ŋĕ� 

ÖėũĢóŽķŶŽũÖķ�ķÖłù�̛¦Öðķā̵�̍ˑ̜̍�1ƗŶāłùĢłė�óŽķŶĢ-

vation into areas of marginal land quality 

Map S.7 LAnD-DegrADATIon CLAsses bAseD on severITy oF humAn-InDuCeD 
pressures AnD DeTerIorATIng TrenDs, 2015

Note: Global distribution of land degradation. Overall trend combined with cumulative pressure by direct human drivers. Human-
induced land degradation refers to a negative trend, which is caused by human activity. Deterioration refers to a negative trend caused 
by natural phenomena, or by human action where status is low. 

Source: Coppus, forthcoming, modified to comply with UN, 2021.

Strong human- induced land degradation

Light human- induced land degradation

Strong deterioration under low pressure

Light deterioration under low pressure

Stable or improvement under high pressure

Stable or improvement under low pressure

Bare
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Globally, the biophysical status of 

˔̵˕˖ˏ̵ĿĢķķĢŋł̵ĞÖ�ŋĕ�ķÖłù�Ģŭ�ùāóķĢłĢłė̇�ŋĕ�ƒĞĢóĞ�

ː̵ ˕˕ˏ̵ ĿĢķķĢŋł̵ ĞÖ� ̛ˑ˘̵ ťāũóāłŶ̜� Ģŭ� ÖŶŶũĢðŽŶāù�

to human-induced land degradation. The 

ũāĿÖĢłĢłė� ˓̵ ˏːˏ̵ ĿĢķķĢŋł̵ ĞÖ� Ģŭ� óķÖŭŭĢĕĢāù� Öŭ�

deteriorated caused by natural processes or 

has an anthropogenic origin. About half of 

the deteriorated land has a low status, and 

is likely to be more sensitive to degrada-

Table S.2 exTenT oF humAn-InDuCeD LAnD DegrADATIon, 2015 (mILLIon ha)

DegrADATIon gLobAL DryLAnDs humID AreAs

Total 1 660 ̌̈̈ ̎̇̌

strong 850 418 432

Light 810 315 ̉̎̊

kŗƍĉ̿ͩ�ŎƍàżüƍĮüà̀ͩBżĉĉŎńàŎăͩàŎăͩńàŎăͩƭĮƍĩͩŌŗżĉͩƍĩàŎͩ˾˵ͪŹĉżüĉŎƍͩûàżĉͩüŗƬĉżͩ͒ƍĩĉͩĢżĉàƍͩăĉƄĉżƍƄ͓ͩàżĉͩĉƲüńƕăĉăͩͅAŗżͩĩƕŌĮăͩàżĉàƄ̀ͩƍĩĉͩ
üŗńăͩƼŗŎĉͩƭĩĉżĉͩŹŗƍĉŎƍĮàńͩĉƬàŹŗƍżàŎƄŹĮżàƍĮŗŎͩĮƄͩĢżĉàƍĉżͩƍĩàŎͩ˹˵˵ͩĮƄͩàńƄŗͩĉƲüńƕăĉăͅ

Source: Coppus, forthcoming.

tion processes than high-status areas. About 

˕˔˕̵ĿĢķķĢŋł̵ĞÖ̇�ː ˑ̵ťāũóāłŶ�ŋĕ�ŶĞā�ŋƑāũÖķķ�ėķŋðÖķ�

decline, is under moderate pressure, which 

may be enough to trigger human-induced 

land degradation. Most of these areas are 

probably affected by human-induced land 

ùāėũÖùÖŶĢŋł̇� ƒĞĢóĞ�ĿāÖłŭ� ÖðŋŽŶ� ˓ː̵ ťāũóāłŶ�

of the global decline can be attributed to 

human-induced land degradation.

box s.1
gLobAL LAnD-DegrADATIon AssessmenT usIng An ADApTeD gLADIs meThoD 
tƵĎƂåŉŉ΄ĀĳŜſĮƼƊĳāåŉ΄ƊƖåƖƞƊ΄åœĈ΄ƖƂĎœĈ΄ĳœĈĳāĎƊ΄åƂĎ΄ĈĎƖĎƂőĳœĎĈ΄ƞƊĳœħ΄åœ΄åĈåſƖĎĈ΄Ba�$N¢΄őĎƖĮŜĈŜŉŜħƼ͟΄
This applies a geographic information system approach to calculate separate biophysical status and 
trend indices for six components – biomass, soil health, water quantity, biodiversity, economic services 
åœĈ΄āƞŉƖƞƂåŉ΄ƊĎƂƵĳāĎƊ͟΄NƖ΄āŜőĀĳœĎƊ΄ƖĮĎő΄ƖŜ΄ħĳƵĎ΄åœ΄ŜƵĎƂåŉŉ΄ƊƖåƖƞƊ΄ĳœĈĎƻ΄åœĈ΄å΄ƖƂĎœĈ΄ĳœĈĎƻ͟΄ Ƃ̄ĎœĈƊ΄ƂĎĦĎƂ΄
ƊƖƂĳāƖŉƼ΄ƖŜ΄āĮåœħĎƊ΄ŜƵĎƂ΄ƖĳőĎ͟΄

 

InpuT LAyers For overALL bIophysICAL sTATus,  
overALL TrenD AnD CumuLATIve pressure by DrIvers

ITem soIL wATer vegeTATIon DemogrAphy

status nutrient availability

soil carbon content

water erosion

wind erosion

groundwater 
recharge

water stress

native species richness

Above-ground biomass

Built-up cover

Trend soil erosion change

soil protection change

Freshwater change

water stress change

Change in land productivity

Forest biomass change

Population 
density change

Driver Agricultural expansion, deforestation, fire, grazing density, population density and ratio of invasive/
native species
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box s.1 (ConTInueD)
 
Maps for overall biophysical status, trend and cumulative pressure represent three different dimensions 
ŜĦ΄ ŉåœĈ΄ ĈĎħƂåĈåƖĳŜœ͟΄ÎĮĎœ΄ āŜőĀĳœĎĈ͚΄ ƖĮĎƼ΄ ħĳƵĎ΄ ĳœƊĳħĮƖ΄ ĳœƖŜ΄ ƖĮĎ΄ ƂĎŉåƖĳŜœƊĮĳſƊ΄ åőŜœħ΄ ƖĮĎ΄ ſåƖƖĎƂœƊ͚΄
ſƂŜāĎƊƊĎƊ΄ åœĈ΄ ƖĮĎĳƂ΄ āåƞƊĎƊ͟΄�ĎħĳŜœƊ΄ åƖ΄ ƂĳƊņ΄ŜāāƞƂ΄ƶĮĎœ΄ ƖĮĎ΄ŜƵĎƂåŉŉ΄ ƊƖåƖƞƊ΄ åœĈ΄ ƖƂĎœĈ΄åƂĎ΄ āŜőĀĳœĎĈ͟΄
Areas with a low biophysical status and exposure to deterioration are at risk of ending in a degraded 
ƊƖåƖĎ͟΄�ƂĎåƊ΄ƶĳƖĮ΄ĮĳħĮ΄ĀĳŜſĮƼƊĳāåŉ΄ƊƖåƖƞƊ΄åœĈ΄ĎƻſŜƊĎĈ΄ƖŜ΄ƊƞĀƊƖåœƖĳåŉ΄ĈĎƖĎƂĳŜƂåƖĳŜœ΄åƂĎ΄åŉƊŜ΄ŉĳņĎŉƼ΄ƖŜ΄ĀĎ΄
åƖ΄ƂĳƊņ͟΄ NœƖĎħƂåƖĳœħ΄ſƂĎƊƊƞƂĎ΄ĦƂŜő΄Įƞőåœ΄åāƖĳƵĳƖĳĎƊ΄ƶĳƖĮ΄ĀĳŜſĮƼƊĳāåŉ΄ƊƖåƖƞƊ΄åœĈ΄ƖƂĎœĈƊ΄ ĳƊ΄å΄ĦĳƂƊƖ΄ƊƖĎſ΄ ĳœ΄
ĈĳƊƖĳœħƞĳƊĮĳœħ΄œåƖƞƂåŉ΄ĦƂŜő΄ĮƞőåœͲĳœĈƞāĎĈ΄ĈĎħƂåĈåƖĳŜœ͟΄

iåſƊ΄ſƞĀŉĳƊĮĎĈ΄ĳœ΄ſĎĎƂͲƂĎƵĳĎƶĎĈ΄ŃŜƞƂœåŉƊ΄ſƂŜƵĳĈĎ΄ĳœſƞƖ΄ŉåƼĎƂƊ͟΄¯ĮĎ΄āƂĳƖĎƂĳå΄ĦŜƂ΄ƊĎŉĎāƖĳœħ΄ƖĮĎƊĎ΄ĳœāŉƞĈĎ΄
åƵåĳŉåĀĳŉĳƖƼ͚΄ƂĎåĈĳœĎƊƊ΄ƖŜ΄ĀĎ΄ƞƊĎĈ͚΄ƂĎŉĎƵåœāĎ΄åāāŜƂĈĳœħ΄ƖŜ΄ƖĮĎ΄ŉĳƖĎƂåƖƞƂĎ΄åœĈ΄ſƞĀŉĳāåƖĳŜœ΄ĈåƖĎ͟΄

The biophysical status of land resources is based on nine input layers that reflect their present (or 
ŉåƖĎƊƖ΄ ņœŜƶœͭ΄ ĀĳŜſĮƼƊĳāåŉ΄ āŜœĈĳƖĳŜœ͟΄¯ĮĎƊĎ΄ ĳœāŉƞĈĎ΄ ƊŜĳŉ΄ œƞƖƂĳĎœƖ΄ åƵåĳŉåĀĳŉĳƖƼ͚΄ ¢t�͚΄ƶåƖĎƂ΄ ĎƂŜƊĳŜœ΄ ƂåƖĎ͚΄
wind erosion, groundwater recharge, water stress, native species richness, above-ground biomass and 
åƂƖĳĦĳāĳåŉ΄ŉåœĈ΄āŜƵĎƂ΄ͬƞƂĀåœ΄åœĈ΄ĳœĦƂåƊƖƂƞāƖƞƂĎͭ͟΄

The trend is based on seven input layers that indicate changes in soil, water, vegetation and population 
density; they include changes in soil erosion, soil protection, fresh water, water stress, land productivity 
åœĈ΄ĦŜƂĎƊƖ΄ĀĳŜőåƊƊ͟΄¯ĮĎ΄ƖĳőĎ΄ĦåāƖŜƂ΄ƵåƂĳĎƊ΄ĀĎƖƶĎĎœ΄̆̅΄åœĈ΄̇̅΄ƼĎåƂƊ͟

Direct anthropogenic drivers are used to estimate pressure 
exerted by human activities: agricultural expansion, deforestation, 
fire extent and frequency, grazing density, population density 
åœĈ΄ƂåƖĳŜ΄ŜĦ΄ĳœƵåƊĳƵĎͥœåƖĳƵĎ΄ƊſĎāĳĎƊ͟΄

regions at risk are large contiguous areas with low biophysical 
ƊƖåƖƞƊ΄ åœĈ΄ ƊƞĀŃĎāƖ΄ ƖŜ΄ ƊƖƂŜœħ΄ ŜƂ΄ ŉĳħĮƖ΄ ĈĎƖĎƂĳŜƂåƖĳŜœ͟΄ �ĎħĳŜœƊ΄
with substantial deterioration and interspersed high and low 
ĀĳŜſĮƼƊĳāåŉ΄ƊƖåƖƞƊ΄åƂĎ΄åŉƊŜ΄åƖ΄ƂĳƊņ͟΄¢ƖåĀŉĎ΄ŜƂ΄ĳőſƂŜƵĳœħ΄åƂĎåƊ΄åƂĎ΄
ſƂĎƊĎœƖŉƼ΄œŜƖ΄åƖ΄ƂĳƊņ͟΄

Land-degradation classes are defined based on the trend of land 
ĈĎƖĎƂĳŜƂåƖĳŜœ΄åœĈ Ɩ́ĮĎ΄ſƂĎƊĎœāĎ΄ŜĦ΄åœƖĮƂŜſŜħĎœĳā΄ĈƂĳƵĎƂƊ͟΄�΄ĮĳħĮŉƼ΄
negative trend coinciding with high pressure is characteristic 
ŜĦ΄ ƊƞĀƊƖåœƖĳåŉ΄ ĮƞőåœͲĳœĈƞāĎĈ΄ ŉåœĈ΄ ĈĎħƂåĈåƖĳŜœ͟΄ ¯ĮĎ΄ ŉåœĈͽƊ΄
resilience (ability to withstand anthropogenic pressures) also 
plays a role, for instance, when strong anthropogenic drivers do 
œŜƖ΄āŜĳœāĳĈĎ΄ƶĳƖĮ΄œĎħåƖĳƵĎ΄ƖƂĎœĈƊ͟

¦Öðķā̵ �̍˒� ŭĞŋƒŭ� ŶĞā� ũāėĢŋłÖķ� ðũāÖĴùŋƒł� ŋĕ�

the global estimate of human-induced land 

degradation. A fifth of human-induced 

degraded land is in sub-Saharan Africa, 

ĕŋķķŋƒāù�ðƘ��ŋŽŶĞāũł��ĿāũĢóÖ�ƒĢŶĞ�ː˖̵ťāũóāłŶ̍�

Northern America is about five times the size 

of South Asia, but both regions contributed 

ːː̵ ťāũóāłŶ� Ŷŋ� ėķŋðÖķ� ùāėũÖùÖŶĢŋł̍� Rł� ũāķÖ-

tive terms, South Asia is the most-affected 

ũāėĢŋł̇� ƒĢŶĞ� ˓ː̵ ťāũóāłŶ� ŋĕ� ĢŶŭ� ÖũāÖ� ŭŽĕĕāũĢłė�

from human-induced degradation, of which 

˖ˏ̵ťāũóāłŶ�Ģŭ�ŭŶũŋłėķƘ�ùāėũÖùāù̍��ŋŽŶĞāÖŭŶ��ŭĢÖ�

ĕŋķķŋƒŭ�ƒĢŶĞ�ˑ ˓̵ťāũóāłŶ̇�ŋĕ�ƒĞĢóĞ�̞ ˏ̵ťāũóāłŶ�Ģŭ�

ŭāƑāũā̇� Öłù�ÂāŭŶāũł� �ŭĢÖ� ĞÖŭ� ˑˏ̵ ťāũóāłŶ̇� ŋĕ�

ƒĞĢóĞ�˖˔̵ťāũóāłŶ�Ģŭ�ŭŶũŋłėķƘ�ÖĕĕāóŶāù̍�'āŭāũŶŭ�

are not included in these estimates.

©
FAO

/Salvator N
dabirorere
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Table S.3 exTenT oF humAn-InDuCeD LAnD DegrADATIon by regIon, 2015

ConTInenT/
regIon

AreA 
AFFeCTeD 

by humAn-
InDuCeD 

DegrADATIon 
(mILLIon ha)

ToTAL LAnD 
AreA oF 
regIon 

(mILLIon ha)

perCenTAge 
oF regIon 

�AA*�¯*$΄ͬμͭ

sTrongLy 
DegrADeD 

(mILLIon 
ha)

sLIghTLy 
DegrADeD 

(mILLIon ha)

sub-saharan Africa 330 2 413 14 ̆̉̎ 181

southern America 281 ̆΄̌̌̍ 16 153 128

south Asia 180 ̉̈̎ 41 126 54

northern America ̆̌̌ 2 083 8 82 ̎̊

east Asia 156 1 185 13 84 ̌̇

western Asia 123 615 20 ̎̇ 31

southeast Asia 122 501 24 ̌̉ 48

Australia and new 
Zealand

̎̉ ̌̎̋ 12 34 ̊̎

eastern europe and 
russian Federation

83 ̆΄̌̋̈ 5 21 62

western and 
Central europe

56 ̉̍̎ 11 12 44

Central Asia 31 456 ̌ 12 ̆̎

northern Africa 22 ̊̌̎ 4 ̎ 13

Central America 
and Caribbean

11 ̌̋ 14 5 5

pacific Islands 0.14 ̌ 2 0.11 0.03

world 1 660 13 178 13 850 810

high income ̈̎̈ ̈΄̍̆̌ 10 ̆̌̊ 218

upper middle 
income

621 5 604 11 326 ̇̎̊

Lower middle 
income

428 ̇΄̇̅̌ ̆̎ 241 ̆̍̌

Low income 220 1 520 14 ̆̅̌ 112

Low income and 
food deficit

283 2 062 14 133 ̆̉̎

Least developed 288 ̇΄̅̎̌ 14 134 154

Note: Percentage of region affected refers to the portion of the total regional extent that is degraded. Antarctica,  

Greenland and land with more than 90 percent bare cover (the great deserts) are excluded.

Source: Coppus, forthcoming.

Human-induced land degradation primarily 

affects cropland. Although cropland covers 

ŋłķƘ� ː˒̵ ťāũóāłŶ� ŋĕ� ŶĞā� ėķŋðÖķ� ķÖłù̟óŋƑāũ�

óķÖŭŭāŭ� ̛ːː̵ ˓˖˖̵ ĿĢķķĢŋł̵ ĞÖ̜̇� ùāėũÖùāù� óũŋť-

ķÖłù�ÖóóŋŽłŶŭ� ĕŋũ�ˑ˘̵ťāũóāłŶ�ŋĕ�Öķķ�ùāėũÖùāù�

areas. Almost a third of rainfed cropland and 

nearly a half of irrigated land are subject to 

ĞŽĿÖł̟ĢłùŽóāù�ķÖłù�ùāėũÖùÖŶĢŋł�̛ ¦Öðķā̵�̍˓̜̍�
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sphere, except for Southeast Asia. Globally, 

ŋłķƘ�˒˗̵ťāũóāłŶ�ŋĕ�ĢũũĢėÖŶāù�ķÖłù�Ģŭ�ŭŶÖðķā̍

In the Middle East and Western Asia, agri-

cultural expansion, grazing and accessibility 

drive degradation, while in the densely popu-

lated areas of East Asia and South Asia, good 

accessibility and high grazing density are 

exerting high pressures on irrigated fields. 

Grazing, accessibility and deforestation drive 

environmental change in irrigated cropland 

in Southeast Asia. Grazing, accessibility and 

agricultural expansion contribute most to 

the pressure for irrigation expansion in the 

eastern United States of America. 

The declines in status in East Asia and the 

Middle East–Western Asia are mainly due to 

decreasing freshwater availability, increas-

ing water stress, reducing soil protection 

and increasing population. Similar degrada-

tion processes occur in South Asia. Major 

degradation processes in Southeast Asia are 

increasing erosion rates, rapidly decreasing 

forest biomass and increasing population. 

In the eastern United States of America, the 

Grassland and shrub-covered areas that are 

used to graze animals or as sources of fodder 

ĞÖƑā� ùāóķĢłāù� ðƘ� ː˘ː̵ ĿĢķķĢŋł̵ ĞÖ� ŋƑāũ� Ŷƒŋ�

ùāóÖùāŭ� Ŷŋ� ˒̵ ː˘˕̵ ĿĢķķĢŋł̵ ĞÖ� Ģł� ˑˏː˘̇� Öłù�

óŋłƑāũŶāù� Ŷŋ� óũŋťķÖłù̍� �ŋĿā� ː˒̵ ťāũóāłŶ� ŋĕ�

the grassland area is degraded due to high 

ÖłŶĞũŋťŋėāłĢó�ťũāŭŭŽũāŭ̇�Öłù�˒˓̵ťāũóāłŶ�ĞÖŭ�

reduced biophysical status due to overgraz-

ing and inadequate livestock mobility causing 

soil compaction and erosion, thus affecting 

soil function, plant growth and hydrologi-

cal services. Intensive livestock production, 

which has grown rapidly to meet expanding 

demand for meat, particularly in middle- to 

high-income countries, places pressure on in 

situ water and soil resources for intensive feed 

and forage production. Concentrating inputs 

and animal waste have resulted in higher 

energy use from fossil fuels, higher meth-

ane emissions and higher point source water 

pollution from nutrients and antibiotics. 

zƑāũ� ˕ˏ̵ ťāũóāłŶ� ŋĕ� ĢũũĢėÖŶāù� ÖũāÖŭ� Öũā�

degraded in Northern Africa, South Asia and 

the Middle East–Western Asia. The largest 

degraded areas are in the northern hemi-

Table S.4 LAnD-DegrADATIon CLAsses For gLobAL LAnD Cover, 2015

LAnD Cover ToTAL AreA 
(mILLIon 

ha)

DegrADATIon 
(mILLIon ha)

DeTerIorATIon 
(mILLIon ha) 

sTAbLe 
(mILLIon 

ha) 

DegrADeD 
ͬμͭ

DeTerIorATeD 
ͬμͭ

sTAbLe 
ͬμͭ

Cropland ̆΄̊̇̌ ̉̌̎ 268 ̌̍̅ 31 18 51

    rainfed 1 212 340 212 660 28 ̆̌ 54

    Irrigated 315 ̆̈̎ ̊̌ 120 44 18 38

grassland ̆΄̎̆̅ 246 642 1 022 13 34 54

Trees 4 335 485 1 462 2 388 11 34 55

shrubs 1 438 218 584 636 15 41 44

herbs 203 16 51 136 8 25 ̋̌

sparse 
vegetation

1 034 85 ̉̎̎ 450 8 48 44

protected area 880 ̌̋ 361 443 ̎ 41 50

Note: The term degradation refers to high pressures from anthropogenic drivers. All other declines in biophysical status are   

defined as deterioration.

Source: Coppus, forthcoming.
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Table S.4 LAnD-DegrADATIon CLAsses For gLobAL LAnD Cover, 2015

LAnD Cover ToTAL AreA 
(mILLIon 

ha)

DegrADATIon 
(mILLIon ha)

DeTerIorATIon 
(mILLIon ha) 

sTAbLe 
(mILLIon 

ha) 

DegrADeD 
ͬμͭ

DeTerIorATeD 
ͬμͭ

sTAbLe 
ͬμͭ

Cropland ̆΄̊̇̌ ̉̌̎ 268 ̌̍̅ 31 18 51

    rainfed 1 212 340 212 660 28 ̆̌ 54

    Irrigated 315 ̆̈̎ ̊̌ 120 44 18 38

grassland ̆΄̎̆̅ 246 642 1 022 13 34 54

Trees 4 335 485 1 462 2 388 11 34 55

shrubs 1 438 218 584 636 15 41 44

herbs 203 16 51 136 8 25 ̋̌

sparse 
vegetation

1 034 85 ̉̎̎ 450 8 48 44

protected area 880 ̌̋ 361 443 ̎ 41 50

Note: The term degradation refers to high pressures from anthropogenic drivers. All other declines in biophysical status are   

defined as deterioration.

Source: Coppus, forthcoming.

1.3.1 sustainable 
Development goal 
ĳœĈĳāåƖŜƂ΅̋̉̇͟͟
The SDG aggregate (all sectors) indicator 

6.4.2 on water stress1 is taken as an overall 

measure of physical water scarcity. At the 

ėķŋðÖķ� ķāƑāķ̇� �'F� ĢłùĢóÖŶŋũ̵ ˕̍˓̍ˑ� ũāÖóĞāù� Öł�

ÖƑāũÖėā�ŋĕ�ː˗̵ťāũóāłŶ�Ģł�ˑˏː˗̇�ðŽŶ�ŶĞĢŭ�ĿÖŭĴŭ�

ŭŽðŭŶÖłŶĢÖķ� ũāėĢŋłÖķ� ƑÖũĢÖŶĢŋłŭ� ̛DĢėŽũā̵ �̍˓̜̍�

Europe is experiencing a low stress level of 

ː� ¦Ğā� �'F� ĢłùĢóÖŶŋũ� ˕̍˓̍ˑ̵ ĿāÖŭŽũāŭ� ŶĞā� ķāƑāķ� ŋĕ� ƒÖŶāũ�
stress and is defined as the ratio of total fresh water 
withdrawn by all major sectors (agricultural, industrial 
and municipal) to total renewable freshwater resources, 
after considering environmental flow requirements. A 
ũÖŶĢŋ�ŋĕ�ˏ ̞ˑ˔̵ťāũóāłŶ�ĢłùĢóÖŶāŭ�łŋ�ŭŶũāŭŭ̒�ˑ ˔̞˔ˏ̵ťāũóāłŶ�
ĢłùĢóÖŶāŭ�ķŋƒ�ŭŶũāŭŭ̒�˔ˏ̞˖˔̵ťāũóāłŶ�ĢłùĢóÖŶāŭ�ĿāùĢŽĿ�
ŭŶũāŭŭ̒�˖˔̞ːˏˏ̵ťāũóāłŶ�ĢłùĢóÖŶāŭ�ĞĢėĞ�ŭŶũāŭŭ̒�Öłù�Ŀŋũā�
ŶĞÖł�ːˏˏ̵ťāũóāłŶ�ĢłùĢóÖŶāŭ�óũĢŶĢóÖķ�ŭŶũāŭŭ̍�

primary degradation processes are decline in 

available fresh water and loss of soil protec-

tion. Problems are similar in the western 

United States of America, but rising popula-

tion density brings additional pressure. 

1.3 Water scarcity
The global water budget is under pres-

sure. Internal renewable water resources 

(IRWRs) from rivers and aquifers amount to 

˓˓̵ˏ ˏˏ̵ĴĿ3/year, and withdrawals (all sectors) 

āƗóāāù�˓̵ˏˏˏ̵ĴĿ3̓ƘāÖũ̇�ÖķĿŋŭŶ� ːˏ̵ťāũóāłŶ�ŋĕ�

IRWRs. The local impacts of physical water 

scarcity and freshwater pollution are spread-

ing and accelerating. In many cases, the first 

sign of scarcity from increased withdrawals is 

falling groundwater levels. 

FIGURe S.4 ChAnges In wATer sTress by geogrAphICAL regIon, 2006, 2009, 2012, 2015 and 2018
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Source: FAO AQUASTAT, 2021.
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Map S.8 level oF waTeR STReSS oF all SecToRS by MajoR baSIn, 2018

8.3 percent. In comparison, the stress levels 

in East Asia and Western Asia are between 

45 percent and 70 percent, in Central and 

South Asia, they are over 70 percent, while in 

Northern Africa, they are above 100 percent. 

Non-conventional water use in agricul-

ture, such as water reuse and desalination, 

is still modest but growing, particularly in 

water-scarce areas such as the Middle East–

Western Asia (Map S.8).

Water stress is high in all basins with intense 

irrigated agriculture and densely populated 

cities that compete for water, particularly 

where available freshwater resources are 

sparse due to climatic conditions. Coun-

tries are encouraged to disaggregate at the 

sub-basin level to give a detailed picture of 

water stress. Basins affected by high or criti-

cal water stress are located in regions with 

high water stress, such as Northern Africa, 

Northern America, Central and South Asia, 

and on the west coast of Latin America.

Agriculture is a significant contributor to 

water stress in countries with high levels 

of water stress. Agricultural withdrawals 

account for a substantial part of total with-

drawals in Central Asia, the Middle East–

ÂāŭŶāũł��ŭĢÖ�Öłù�pŋũŶĞāũł��ĕũĢóÖ�̛mÖť̵�̍˘̜̍�

Water stress due to agricultural withdrawals 

illustrates the critical nature of the Nile and 

other river basins in the Arabian Peninsula 

and South Asia. These impacts are appar-

ent in detail when distributed across areas 

equipped for irrigation. 

No stress (0 - 25%) Low (25% - 50%) Medium (50% - 75%) High (75% - 100%) Critical (>100%)

Map S.9 level oF waTeR STReSS dUe To The aGRIcUlTURal SecToR by baSIn, 2018

Source: FAO and UN-Water, 2021, 
modified to comply with UN, 2021.
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Map S.8 level oF waTeR STReSS oF all SecToRS by MajoR baSIn, 2018

On the demand side, the regions with the 

largest water withdrawals per capita were 

Central Asia and Northern America.

Total water withdrawals per capita declined 

from 2000 to 2018, except in Central America 

and the Caribbean, Southern America and 

�ŋŽŶĞāÖŭŶ� �ŭĢÖ� ̛DĢėŽũā̵ �̍˕̜̍� ¦Ğāŭā� Ŷũāłùŭ�

are expected to persist as populations grow, 

partly due to overall increases in water 

productivity, including agriculture, and 

partly due to the prevalence of water scarcity 

induced by extended periods of aridity in 

areas of high population density.

1.3.2 per capita 
freshwater availability 
and withdrawals
The overall change in the per capita distribu-

tion of freshwater resources is consistent 

with population growth. Between 2000 and 

2018, the decline in global per capita IRWRs 

ƒÖŭ�ÖðŋŽŶ�ˑˏ̵ťāũóāłŶ�̛DĢėŽũā̵�̍˔̜̍�¦Ğā�óĞÖłėā�

was greater in countries with the lowest per 

capita IRWRs, such as sub-Saharan Africa 

̛˓ː̵ťāũóāłŶ̜̇�!āłŶũÖķ��ŭĢÖ�̛˒ˏ̵ťāũóāłŶ̜̇�ÂāŭŶ-

āũł� �ŭĢÖ� ̛ˑ˘̵ ťāũóāłŶ̜� Öłù� pŋũŶĞāũł� �ĕũĢóÖ�

̛ˑ˕̵ ťāũóāłŶ̜̍� ¦Ğā� ũāėĢŋł� ƒĢŶĞ� ŶĞā� ķŋƒāŭŶ�

ťāũóāłŶÖėā� óĞÖłėā� ƒÖŭ� 1Žũŋťā� ̛˒̵ ťāũóāłŶ̜̍�

Map S.9 level oF waTeR STReSS dUe To The aGRIcUlTURal SecToR by baSIn, 2018

Source: FAO and UN-Water, 2021 
modified to comply with UN, 2021.

0 - 10% 10% - 25% 25% - 50% 50% - 75% 75% - 100%
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FIGURe S.6 ToTAL AnnuAL wATer wIThDrAwALs per CApITA by geogrAphICAL regIon, 2000, 
2012 AnD 2018 (m3/CApITA)

Source: FAO AQUASTAT, 2021.

Source: FAO AQUASTAT, 2021.
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Map S.10 level oF waTeR STReSS In IRRIGaTed aReaS, 2015
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Groundwater use is already constrained. It is 
intensively exploited in most principal conti-
nental aquifers and along highly productive 
coastal plains, where saline intrusion is a 
constant threat. Irrigated areas under stress 
correlate strongly with intensive groundwater 
Žŭā�Öłù�ùāťķāŶĢłė�ÖŨŽĢĕāũŭ�̛mÖť̵�̍ːˏ̜̍

1.3.3 groundwater 
depletion
Global groundwater withdrawals for irrigated 
ÖėũĢóŽķŶŽũā� Öũā� āŭŶĢĿÖŶāù� ÖŶ� ˗ˑˏ̵ ĴĿ3/year 
based on aggregated country-level report-
Ģłė� ĕŋũ� ˑˏː˗̍� ¦ĞĢŭ� ũāťũāŭāłŶŭ� Ö� ː˘̵ ťāũóāłŶ�
increase relative to 2010, when an estimated 
˕˗˗̵ĴĿ3 was withdrawn for irrigated agricul-
ture. Groundwater withdrawals for irrigated 
ÖėũĢóŽķŶŽũā� ÖóóŋŽłŶ� ĕŋũ� ŋƑāũ� ˒ˏ̵ ťāũóāłŶ� ŋĕ�
agriculture’s freshwater withdrawals and 
óŋłŶĢłŽā�Ŷŋ�ėũŋƒ�ÖŶ�ÖũŋŽłù�ˑ̍ˑ̵ťāũóāłŶ̓ƘāÖũ̍�
The proportion of incremental evapotrans-
piration (consumption) over irrigated areas 
that can be attributed to groundwater is esti-
ĿÖŶāù� ÖŶ� ˓˒̵ ťāũóāłŶ� ùŽā� Ŷŋ� ŶĞā�ĿŽóĞ� ķŋƒāũ�
conveyance losses associated with ground-
water-sourced irrigation.

Map S.10 level oF waTeR STReSS In IRRIGaTed aReaS, 2015

Source: FAO, 2020c, modified to 
comply with UN, 2021.
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to recover from flooding to maintain crop-

ping calendars is an important element of the 

resilience of irrigated farming systems. The 

July–September flood event in 2010 in the 

RłùŽŭ�ðÖŭĢł�ĢłŽłùÖŶāù�ÖŶ�ķāÖŭŶ�˒̍˖̵ĿĢķķĢŋł̵ĞÖ�

of productive irrigated floodplain, disrupt-

ing rice food systems and industrial crops 

such as cotton well into 2011. Food protec-

tion for irrigated perimeters will generally be 

ùāŭĢėłāù� ĕŋũ� āƑāłŶŭ� ƒĢŶĞ� ːˏ̞ˑ˔̵ ƘāÖũ� ũāŶŽũł�

periods, while major river impoundment and 

storage infrastructure is generally designed 

to probable maximum precipitation. 

The sacrifice of irrigation schemes upstream 

of urban centres to contain excess flood flows 

has been a contentious issue in Southeast 

Asia, particularly when isolated areas of rural 

land have been converted into high-value 

“green-field” industrial sites.

This level of groundwater exploitation is 
considered responsible for the loss of aquifer 
ŭŶŋũÖėā�ŋĕ�ˑ ˔ˏĴ̵Ŀ3/year, and more importantly, 
loss of aquifer function and utility to farm-
ers as groundwater levels drop. Local impacts 
on production and livelihoods can be severe 
in aquifers that receive little or no recharge. 
Modelling the impact on irrigated crop produc-
tion indicates that groundwater depletion will 
continue to place severe constraints in East 
Asia, the Middle East–Western Asia, Northern 

America and  South Asia.

1.4 Extreme 
flood events
Climate models predict increasing frequency, 

intensity and amount of heavy precipitation 

as the global climate changes. More-intense 

rainfall is increasing the risk of landslides, 

extreme erosion and flash floods. The special 

report on climate change and land by the 

Intergovernmental Panel on Climate Change 

notes that tropical cyclones are already shift-

ing towards the poles and the speed at which 

they move is slowing. 

Increased exposure of coastal areas to 

intense and long-duration storms will 

lead to land degradation and affect coastal 

forest structure and composition. Sea-level 

rise already affects coastal erosion and 

salinization, leaving these areas vulnerable 

to catastrophic weather events. The annual 

crop production cycle in these areas is highly 

conditioned by climatic volatility: prolonged 

periods of drought and higher-frequency 

and more-intense rainfall and associated 

flooding. 

Inland from coastal zones, overbank flooding 

is part of the natural hydrological cycle. It 

has been, and still is, responsible for bringing 

benefits to agricultural land (silt and nutrient 

replenishment). However, the land’s ability 

©
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Agricultural use of reactive nitrogen synthetic 
fertilizer has continued to increase since 
ˑˏˏˏ̇� ĕũŋĿ� ÖķĿŋŭŶ� ˗ː̵ ĿĢķķĢŋł̵ Ŷŋłłāŭ̇� Ŷŋ� Ö�
ťāÖĴ�ŋĕ�ːːˏ̵ĿĢķķĢŋł̵Ŷŋłłāŭ�Ģł�ˑˏː˖̇�ƒĢŶĞ�ŭĢėłŭ�
of a slight decline in 2018. Industrial fertilizer 
production and biological fixation of nitro-
ėāł� Ģł� ÖėũĢóŽķŶŽũā� ÖóóŋŽłŶ� ĕŋũ�˗ˏ̵ťāũóāłŶ�ŋĕ�
anthropogenic nitrogen fixation. The global 
growth rate of phosphorus use in agricul-
ŶŽũā� Ģŭ� ĿŋùāŭŶ̇� ĕũŋĿ� ˒ˑ̵ ĿĢķķĢŋł̵ Ŷŋłłāŭ� Ģł�
ˑˏˏˏ�Ŷŋ�Ö�ťāÖĴ�ŋĕ�˓˔̵ĿĢķķĢŋł̵Ŷŋłłāŭ�Ģł�ˑˏː˕̇�
followed by a marked decline. Estimates 
indicate the total phosphorus input to water 
bodies from anthropogenic use is about 
ː̍˓˖̵ĿĢķķĢŋł̵Ŷŋłłāŭ�ÖłłŽÖķķƘ̇�ƒĢŶĞ�˕ˑ̵ťāũóāłŶ�
from point sources (domestic and industrial) 
Öłù� ˒˗̵ ťāũóāłŶ� ĕũŋĿ� ùĢĕĕŽŭā� ŭŋŽũóāŭ� ̛ÖėũĢ-
culture). Agricultural use of potash has risen 
ĕũŋĿ�ˑˑ̵ĿĢķķĢŋł̵ Ŷŋłłāŭ� Ģł�ˑˏˏˏ� Ŷŋ�Ö�ťāÖĴ�ŋĕ�
ÖķĿŋŭŶ�˒˘̵ĿĢķķĢŋł̵Ŷŋłłāŭ�Ģł�ˑˏː˗̍�¦Ğā�ĢĿťÖóŶ�
on freshwater eutrophication is not marked, 
as it is for nitrogen and phosphorus, although 
it contributes to salinity from run-off. 

Of particular concern is pollution caused by 
emerging chemical contaminants, includ-
ing pesticides, livestock pharmaceuticals 
and plastics, and potential antimicrobial 
resistance for which there is currently little 
ũāėŽķÖŶĢŋł�ŋũ�ĿŋłĢŶŋũĢłė̍�mÖť̵�̍ːː�ĢķķŽŭŶũÖŶāŭ�

global regions of concern by pesticides.

1.5 Water pollution 
from agriculture
Water pollution is a rising global crisis that 

directly affects health, economic develop-

ment and food security. Although other 

anthropogenic activities such as human 

settlement (urbanization) and industry are 

major contributors, agriculture has become 

the dominant source of pollution in many 

countries. Degrading water quality is a signif-

icant threat to food safety and food security.

Currently, it is estimated that some  

ˑ�ˑ˔ˏ̵ĴĿ3/year of effluent is discharged into 

ŶĞā� āłƑĢũŋłĿāłŶ̇� ˒˒ˏ̵ ĴĿ3/year as urban 

ƒÖŭŶāƒÖŶāũ̇� ˕˕ˏ̵ ĴĿ3/year as industrial 

wastewater (including cooling water) and 

ː̵ˑ˕ˏ̵ĴĿ3/year as agricultural drainage.

The capacity of soils to store, buffer and 

degrade waterborne contaminants is being 

exceeded by anthropogenic treatment of 

soils on cropland and pasture to the point 

where elevated levels of nitrogen, salinity 

and biological oxygen demand (BOD) in fresh 

water are widespread. 
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Map S.11 Global ReGIonS oF conceRn (Global aReaS SUScepTIble To peSTIcIde pollUTIon)

 

areas of high
concern

areas with no concern

no agricultural areas

water/no data

Sources: Tang et al., 2021a; 
data from Tang et al., 2021b, 
modified to comply with UN, 
2021.
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some LAnD AnD wATer FACTs  

͘΄ �åĳœĦĎĈ΄ ĦåƂőĳœħ΄ ſƂŜĈƞāĎƊ΄ ̋̅΄ ſĎƂāĎœƖ΄ ŜĦ΄ ƖĮĎ΄ ƶŜƂŉĈͽƊ΄ ĦŜŜĈ΄ Ŝœ΄ ̍̅΄ ſĎƂāĎœƖ΄ ŜĦ΄ ƖĮĎ΄ āƞŉƖĳƵåƖĎĈ΄ ŉåœĈ͟΄
Irrigated farming produces 40 percent on 20 percent of the land. 

͘΄ ¶ƂĀåœ΄åƂĎåƊ΄ŜāāƞſĳĎĈ΄ŉĎƊƊ΄ƖĮåœ΄̅̊͟΄ſĎƂāĎœƖ΄ŜĦ΄ƖĮĎ΄*åƂƖĮͽƊ΄ŉåœĈ΄ƊƞƂĦåāĎ΄ĳœ΄̇̅̅̅͟΄IŜƶĎƵĎƂ͚΄ƖĮĎ΄ƂåſĳĈ΄
ħƂŜƶƖĮ΄ ŜĦ΄ āĳƖĳĎƊ΄ ͬĳœ΄ ͚̇̅̆̍΄ ̊̊΄ ſĎƂāĎœƖ΄ ŜĦ΄ ƖĮĎ΄ ƶŜƂŉĈͽƊ΄ ſŜſƞŉåƖĳŜœ΄ ƶĎƂĎ΄ ƞƂĀåœ΄ ĈƶĎŉŉĎƂƊͭ΄ ĮåƊ΄ ĮåĈ΄ å΄
significant impact on land and water resources, encroaching on good agricultural land. 

͘΄ ¢ŜőĎ΄̈̈΄ſĎƂāĎœƖ΄ŜĦ΄ƖĮĎ΄ƶŜƂŉĈͣƊ΄ƊŜĳŉ΄ĳƊ΄őŜĈĎƂåƖĎŉƼ΄ƖŜ΄ĮĳħĮŉƼ΄ĈĎħƂåĈĎĈ͟

͘΄ ¢Ŝĳŉ΄ĎƂŜƊĳŜœ΄āåƂƂĳĎƊ΄åƶåƼ΄̇̅ͯ̈̌΄ĀĳŉŉĳŜœ΄ƖŜœœĎƊ΄ŜĦ΄ƖŜſƊŜĳŉ΄åœœƞåŉŉƼ͚΄ƂĎĈƞāĳœħ΄āƂŜſ΄ƼĳĎŉĈƊ΄åœĈ΄ƖĮĎ΄ƊŜĳŉͽƊ΄
ability to store and cycle carbon, nutrients and water. Annual cereal production losses due to erosion 
åƂĎ΄ĎƊƖĳőåƖĎĈ΄ƖŜ΄ĀĎ΄ ̌̋͟΄őĳŉŉĳŜœ΄ƖŜœœĎƊ͟

͘΄ BŉŜĀåŉŉƼ͚΄åħƂĳāƞŉƖƞƂĎ΄åāāŜƞœƖƊ΄ĦŜƂ΄̌̇΄ſĎƂāĎœƖ΄ŜĦ΄åŉŉ΄ƊƞƂĦåāĎ΄åœĈ΄ħƂŜƞœĈƶåƖĎƂ΄ƶĳƖĮĈƂåƶåŉƊ͚΄őåĳœŉƼ΄ĦŜƂ΄
irrigation. 

͘΄ ¯ĮĎ΄¢$B΄ĳœĈĳāåƖŜƂ΄̋̉̇͟͟΄Ŝœ΄ħŉŜĀåŉ΄ƶåƖĎƂ΄ƊƖƂĎƊƊ΄ĳœāƂĎåƊĎĈ΄ĦƂŜő΄̆̌΄ſĎƂāĎœƖ΄ĳœ΄̇̅̆̌΄ƖŜ΄̆̍΄ſĎƂāĎœƖ΄ĳœ΄͚̇̅̆̍΄
with significant regional differences.

͘΄ NœŉåœĈ΄ ĦĳƊĮ΄āåſƖƞƂĎ΄ ƖŜƖåŉŉĎĈ΄̆̆̎͟΄őĳŉŉĳŜœ΄ ƖŜœœĎƊ΄ ĳœ΄͚̇̅̆̎΄ ƂĎſƂĎƊĎœƖĳœħ΄̆̈΄ſĎƂāĎœƖ΄ŜĦ΄ ƖĮĎ΄ ƖŜƖåŉ΄ħŉŜĀåŉ΄
āåſƖƞƂĎ΄ĦĳƊĮĎƂĳĎƊͽ΄ſƂŜĈƞāƖĳŜœ͟΄]ƞƊƖ΄̆̌΄āŜƞœƖƂĳĎƊ΄ſƂŜĈƞāĎĈ΄̍̅΄ſĎƂāĎœƖ΄ŜĦ΄ƖĮĎ΄ƖŜƖåŉ΄ħŉŜĀåŉ΄ĦĳƊĮ΄āåƖāĮ͟΄�Ɗĳå΄
has the highest inland fish catch, representing 66 percent of the total global fish catch.

Map S.11 Global ReGIonS oF conceRn (Global aReaS SUScepTIble To peSTIcIde pollUTIon)



About 1.2 billion people live in areas where severe water 

shortages and scarcity challenge agriculture and where 

there is a high drought frequency in rainfed cropland and 

pastureland areas or high water stress in irrigated areas.
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Some 41 percent of South Asia 

ŭŽƦāũŭ�ĕũŋĿ�ĞŽĿÖł̟ĢłùŽóāù�
land degradation, of which 

70 percent is strongly degraded. 

(See map on page 10.)

¢ŜőĎ΄ņĎƼ΄ǙœĈĳœħƊ΄ĳœ΄ƖĮĳƊ΄ƊĎāƖĳŜœ͛
Farming systems are polarizing: Large-scale    
commercial holdings dominate agricultural land 
use, concentrating many millions of smallholders 
in subsistence farming on lands susceptible to    
degradation and water scarcity.

Inclusive land and water governance underpin 
productivity: Land-use planning is urgently needed 
to guide land and water allocation and promote 
sustainable resources management. 
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future climate risks. Responding to these 
risks has become an essential part of improv-
ing resilience strategies.

Uncontrolled urbanization and forced 
migration threaten sustainable resources 
management. By 2050, two out of three 
people will be living in towns and cities, 
with most growth in the less-developed 
regions of Africa and Asia. Urban dwellers 
óŋłŭŽĿā� ˗ˏ̵ ťāũóāłŶ� ŋĕ� Öķķ� ĕŋŋù� ťũŋùŽóāù̍�
Processed foods can dominate urban diets 
and result in serious and widespread health 
consequences including malnutrition, obesity 

and micronutrient deficiencies. 

2.2 Diminishing 
per capita water 
resources
mŋũā� ŶĞÖł� ˖˒˒̵ ĿĢķķĢŋł� ťāŋťķā� ķĢƑā� Ģł� óŋŽł-

ŶũĢāŭ� ƒĢŶĞ� ĞĢėĞ� ̛˖ˏ̵ ťāũóāłŶ̜� Öłù� óũĢŶĢóÖķ�

̛ːˏˏ̵ ťāũóāłŶ̜� ƒÖŶāũ� ŭŶũāŭŭ̇� ÖóóŋŽłŶĢłė� ĕŋũ�

ÖķĿŋŭŶ� ːˏ̵ ťāũóāłŶ� ŋĕ� ŶĞā� ėķŋðÖķ� ťŋťŽķÖŶĢŋł̍�

Between 2018 and 2020, the number of people 

living in areas under critical water scarcity 

ĢłóũāÖŭāù� ĕũŋĿ� ˕̵ ťāũóāłŶ� Ŷŋ� ˖̵ ťāũóāłŶ̇� ðŽŶ�

in areas of high water scarcity, numbers 

ùāóũāÖŭāù� ĕũŋĿ� ˓̵ ťāũóāłŶ� Ŷŋ� ˑ̵ ťāũóāłŶ�

̛DĢėŽũā̵ �̍˖̜̍� �ðŋŽŶ� ː̍ˑ̵ ðĢķķĢŋł� ťāŋťķā� ķĢƑā� Ģł�

areas where severe water shortages and scar-

city challenge agriculture and where there is 

a high drought frequency in rainfed cropland 

and pastureland areas or high water stress in 

irrigated areas.

2.1 Socio-economic 
transitions and the 
global food system
The principal socio-economic variables driv-
ing demand for land and water resources 
are population growth, urbanization and 
economic growth. These all influence the 
climate. They drive demand for agricultural 
production in broadly predictable directions. 
However, geopolitical instability, conflicts 
and migration can lead to widespread poverty 
and food insecurity. After remaining stable 
ĕŋũ� ĕĢƑā̵ƘāÖũŭ̇� ŶĞā�ťũāƑÖķāłóā�ŋĕ�ŽłùāũłŋŽũ-
ishment increased by 1.5 percentage points in 
ˑˏˑˏ�̞�ũāÖóĞĢłė�Ö�ķāƑāķ�ŋĕ�ÖũŋŽłù�˘̍˘̵ťāũóāłŶ̍�
Rł�ˑˏˑˏ̇�ŋƑāũ�˖ˑˏ̵ĿĢķķĢŋł�ťāŋťķā�Ģł�ŶĞā�ƒŋũķù�
faced hunger, and nearly one in three people 
̛ˑ̍˒˖̵ðĢķķĢŋł̜�ùĢù�łŋŶ�ĞÖƑā�Öóóāŭŭ�Ŷŋ�ÖùāŨŽÖŶā�
food. Healthy diets were out of reach for 
ÖũŋŽłù� ˒̵ ðĢķķĢŋł�ťāŋťķā̇� āŭťāóĢÖķķƘ� ŶĞā�ťŋŋũ̇�
in every region of the world in 2019.

The current pressures on limited renewable 
land, soil and water resources are unprec-
edented. Higher incomes and urban life-
styles change food demand towards more 
resource-intensive consumption of animal 
proteins, fruits and vegetables. The global 
ťŋťŽķÖŶĢŋł�Ģŭ�āƗťāóŶāù�Ŷŋ�ėũŋƒ�ĕũŋĿ�̟ ̍˖̵ðĢķķĢŋł�
Ģł� ˑˏː˘� Ŷŋ� ˘̍˖̵ ðĢķķĢŋł� ðƘ� ˑˏ˔ˏ� ̛ˑ˕̵ ťāũóāłŶ̜̍�
The fastest growth is in the poorest regions, 
including sub-Saharan Africa where the 
population will double by 2050, thus creating 
immense challenges to achieving SDGs, in 
ťÖũŶĢóŽķÖũ̇� �'F̵ ː� ̛łŋ� ťŋƑāũŶƘ̜̇� �'F̵ ˑ� ̛ơāũŋ�
ĞŽłėāũ̜̇��'F̵˕�̛óķāÖł�ƒÖŶāũ�Öłù�ŭÖłĢŶÖŶĢŋł̜�
Öłù��'F̵ː˔�̛ķĢĕā�ŋł�ķÖłù̜̍

FķŋðÖķķƘ̇�˗ˏ̵ťāũóāłŶ�ŋĕ�ŶĞā�āƗŶũāĿā�ťŋŋũ�ķĢƑā�
Ģł� ũŽũÖķ� ÖũāÖŭ̒� ĿŋŭŶ� ķĢƑā� Ģł� ŶĞā� ùāƑāķŋťĢłė�
world, and their livelihoods are dispropor-
tionally dependent on agriculture. This sector 
is key to reducing poverty and achieving 
SDGs, but it is highly exposed to current and 

FIGURe S.7 popUlaTIon dISTRIbUTIon accoRdInG To coUnTRy ThReShold waTeR STReSS, 
2000 (leFT) and 2018 (RIGhT)
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2.3 Patterns of 
landholding 
are skewed
�ķŶĞŋŽėĞ�ŶĞāũā�Öũā�Öł�āŭŶĢĿÖŶāù�˕ˏ˗̵ĿĢķķĢŋł�
farm holdings in the world, farm size 
distribution is highly skewed towards 
large farms, with farms bigger than 500 ha 
accounting for more than 50 percent of total 
ÖėũĢóŽķŶŽũÖķ� ÖũāÖ̍� ̛DĢėŽũā̵ �̍˗̜̍�NŋƒāƑāũ̇� ŶĞā�
number of farms is highly skewed towards 
ŭĿÖķķĞŋķùĢłėŭ̇�ƒĢŶĞ�̠ ˓̵ťāũóāłŶ�ŋĕ�ĕÖũĿŭ�ðāĢłė�
ðāķŋƒ� ˑ̵ ĞÖ̇� ƒĞĢóĞ� ŋóóŽťƘ� ŋłķƘ� ːˑ̵ ťāũóāłŶ�
of the world’s farmland. Thus, policy 
interventions for land management need 
to address the increasing concentration of 
land under a relatively small number of large 
commercial farming enterprises as much as 
ŶĞā�ĿĢķķĢŋłŭ�ŋĕ�ŭĿÖķķĞŋķùāũŭ�ƒĢŶĞ�ˑ̵ĞÖ�ŋũ�ķāŭŭ̍�

Their continued viability is critical for local 

food security in many low-income countries.

Increasing populations mean reduced 
natural resources available per capita. In 
sub-Saharan Africa, water availability per 
óÖťĢŶÖ� ùāóķĢłāù� ðƘ� ˓ˏ̵ ťāũóāłŶ� ŋƑāũ� ŶĞā� ťÖŭŶ�
decade, and agricultural land declined from 
ˏ̍˗ˏ� Ŷŋ� ˏ̍˕˓̵ ĞÖ̓óÖťĢŶÖ� ðāŶƒāāł� ˑˏˏˏ� Öłù�
2017. Northern Africa, Southern Africa 
and Western Africa each have less than 
ː̵˖ˏˏ̵Ŀ3/capita, which is considered to be a 
level at which a nation’s ability to meet water 
demand for food and from other sectors is 
compromised.

In addition, more than 286 rivers basins and 
about 600 aquifers cross international borders. 
NŋƒāƑāũ̇� ŋƑāũ� ˕ˏ̵ ťāũóāłŶ� ŋĕ� ŶũÖłŭðŋŽłùÖũƘ�
river basins and a much higher percentage 
of shared aquifers still lack any cooperative 
and adaptive transboundary management 
mechanisms to cope with resource allocation 
and water pollution control. Strengthening 
transboundary water cooperation is essential 
for reaching the water-related SDG targets 

and the broader SDGs.

FIGURe S.7 popUlaTIon dISTRIbUTIon accoRdInG To coUnTRy ThReShold waTeR STReSS, 
2000 (leFT) and 2018 (RIGhT)

Source: FAO and UN-Water, 2021.
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2.4 Access to 
land and water 
is constrained 
for some
Social structures determine the sustainability 
of natural resources. Societies drive land 
degradation and water scarcity, but these 
processes are not irreversible. Some societies 
have developed sustainable and resilient 
production systems to overcome degradation. 
Their experiences can inform decision makers 
about the potential of community-based 
resource management systems. 

Reducing rural poverty requires equitable 
access to land and water resources. The lack of 
adequate access and capacities to take advan-
tage of natural capital may overuse resources 
to meet short-term needs. The critical factors 
to tackling these issues lie in establishing 
good governance, effective institutions and 
secure tenure. There are strong synergies and 
trade-offs between poverty reduction poli-

Between 1960 and 2010, the average farm 

size decreased in nearly all low- and lower 

middle-income countries and increased 

in a third of middle-income and nearly all 

high-income countries. However, there 

was a slight increase in average farm size in 

low-income countries from 2000 to 2010. 

In many low- and lower middle-income 

countries of Africa and South Asia, average 

farm size is shrinking, with implications for 

economic viability. 

Increased concentration of farmland among 

larger farms in countries with higher income 

levels is occurring in most of the larger 

European countries (except Spain), and in 

Brazil and the United States of America. 

There is increased inequality with an appar-

ent re-emergence of small farms, while the 

share of farmland on the largest holdings has 

increased. In 2010, the average farm size was 

ː̍˒̵ĞÖ�Ģł�ķŋƒ̟ĢłóŋĿā�óŋŽłŶũĢāŭ̇�ː˖̵ĞÖ�Ģł�ķŋƒāũ�

ĿĢùùķā̟ĢłóŋĿā� óŋŽłŶũĢāŭ̇� ˑ˒̍˗̵ ĞÖ� Ģł� Žťťāũ�

middle-income countries (excluding China) 

Öłù�˔˒̍˖̵ĞÖ�Ģł�ĞĢėĞ̟ĢłóŋĿā�óŋŽłŶũĢāŭ̍

FIGURe S.8 Global dISTRIbUTIon oF FaRMS and FaRMland by land SIze claSS, 2010

Source: Lowder, Sánchez and Bertini, 2021.
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FIGURe S.8 Global dISTRIbUTIon oF FaRMS and FaRMland by land SIze claSS, 2010

2.5 Competition and 
sectoral trade-offs: 
the water–food–
energy nexus
There may be important synergies and 

trade-offs that cannot be addressed by 

sectoral strategies and investments alone. 

For example, growing bioenergy crops in 

rainfed or irrigated systems may help 

improve energy supply, but may also result 

in increased competition for land and water 

resources with impacts on local food security. 

Building dams for hydropower may produce 

energy and provide water storage for irriga-

tion and domestic uses, but may displace 

people and adversely affect water availability 

in downstream agroecosystems. These and 

other similar developments would benefit 

from greater coordination through a water–

food–energy nexus approach to optimize 

resource-use efficiency. 

Many lessons have been learned from the 

tragic drying up of the Aral Sea in Central Asia, 

as the water resources were overexploited 

to grow irrigated cotton. This put excessive 

pressures on water supplies, creating 

salinization, pollution from agricultural 

chemicals and mining wastes on upstream 

rivers, and loss of aquatic species and 

fisheries and associated livelihoods.

cies and sustainable resources management. 
Current water laws tend to decouple water 
rights from land tenure. 

Development trends and climate change 
impacts increase the competition for land 
and water resources and increase the risk to 
livelihoods of the poor and vulnerable. About 
˖˖̵ťāũóāłŶ�ŋĕ�ŭĿÖķķĞŋķùāũ�ĕÖũĿŭ�Ģł�ķŋƒ̟�Öłù�
middle-income countries are in water-scarce 
regions, and less than a third have access to 
irrigation. The greatest disparities in irriga-
tion between smallholdings and large-scale 
farms are in Latin America and the Carib-
bean, South Asia and sub-Saharan Africa. 
Limited access to irrigation services can be 
a significant constraint on rural livelihoods, 
particularly in arid regions. 

There are also strong gender and equity 
issues surrounding access to and manage-
ment of land and water. Women comprise 
ŋƑāũ� ˒˖̵ ťāũóāłŶ� ŋĕ� ŶĞā� ƒŋũķù̪ŭ� ũŽũÖķ� ÖėũĢ-
cultural workforce, a ratio that rises to 
˓˗̵ ťāũóāłŶ� ĕŋũ� ķŋƒ̟ĢłóŋĿā� óŋŽłŶũĢāŭ̍� ¦ĞāĢũ�
contribution is prominent in all agricultural  
ŭŽðŭāóŶŋũŭ̍�¦ĞāƘ�óŋĿťũĢŭā�ÖķĿŋŭŶ�˔ˏ̵ťāũóāłŶ�
of the world’s small-scale livestock farm-
ers and half the labour force in small-scale 
fisheries. Fewer than 50 countries have laws 
or policies that specifically mention women’s 
participation in rural sanitation or water 
resources management. Women still account 
ĕŋũ�ķāŭŭ�ŶĞÖł�ː˔̵ťāũóāłŶ�ŋĕ�ÖėũĢóŽķŶŽũÖķ�ķÖłù-
holders, and there are disparities in their 

access to agricultural support services. 
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