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Foreword

This document presents the first major global assessment ever on soils and related issues.

Why was such an assessment not carried out before? We have taken soils for granted for a long time.
Nevertheless, soils are the foundation of food production and food security, supplying plants with nutrients,
water, and support for their roots. Soils function as Earth’s largest water filter and storage tank; they contain
more carbon than all above-ground vegetation, hence regulating emissions of carbon dioxide and other
greenhouse gases; and they host a tremendous diversity of organisms of key importance to ecosystem
processes.

However, we have beenwitnessingareversalinattitudes, especially inlight of serious concerns expressed by
soil practitionersinallregionsabout the severe threats to this naturalresource. Inthismoreauspicious context,
when the international community is fully recognizing the need for concerted action, the Intergovernmental
Technical Panel on Soils (ITPS), the main scientific advisory body to the Global Soil Partnership (GSP) hosted by
the Food and Agriculture Organization of the United Nations (FAQ), took the initiative to prepare this much
needed assessment.

The issuance of this first"Status of the World's Soil Resources” report was most appropriately timed with the
occasion of the International Year of Soils (2015) declared by the General Assembly of the United Nations. It was
made possible by the commitment and contributions of hosts of reputed soil scientists and their institutions.
Our gratitude goes to the Lead Authors, Contributing Authors, Editors and Reviewers who have participated
in this effort, and in particular to the Chairperson of the ITPS, for his dedicated guidance and close follow up.

Many governments have supported the participation of their resident scientists in the process and
contributed resources, thus also assuring the participation of experts from developing countries and countries
with economies in transition. In addition, a Technical Summary was acknowledged by representatives of
governmentsassembledin the Plenary Assembly of the GSP, signaling their appreciation of the many potential
uses of the underlying report. Even more comprehensive and inclusive arrangements will be sought in the
preparations of further, updated versions.

The report is aimed at scientists, laymen and policy makers alike. It provides in particular an essential
benchmark against periodical assessment and reporting of soil functions and overall soil health at global
and regional levels. This is of particular relevance to the Sustainable Development Goals (SDGs) that the
international community pledged to achieve. Indeed, these goals can only be achieved if the crucial natural
resources — of which soils is one —are sustainably managed.

Themain message of thisfirsteditionis that, while thereis cause for optimism in some regions, the majority
of the world's soil resources are in only fair, poor or very poor condition. Today, 33 percent of land is moderately
to highly degraded due to the erosion, salinization, compaction, acidification and chemical pollution of soils.
Further loss of productive soils would severely damage food production and food security, amplify food-price
volatility, and potentially plunge millions of people into hungerand poverty. But the report also offers evidence
that this loss of soil resources and functions can be avoided. Sustainable soil management, using scientific
and local knowledge and evidence-based, proven approaches and technologies, can increase nutritious food
supply, provide a valuable lever for climate requlation and safeguarding ecosystem services.
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We can expect that the extensive analytical contents of this report will greatly assist in galvanizing action
at all levels towards sustainable soil management, also in line with the recommendations contained in the
updated World Soil Charter and as a firm contribution to achieve the Sustainable Development Goals.

We are proud to make this very first edition of the Status of the World's Soil Resources report available for

the international community, and reiterate once again our commitment to a world free of poverty, hunger
and malnutrition.

JOSE GRAZIANO DA SILVA
FAO Director-General

foatl
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Preface | Scope of The State of the

World's Soil Resources

The main objectives of The State of the World’s Soil Resources are: (a) to provide a global scientific
assessment of current and projected soil conditions built on regional data analysis and expertise; (b) to
explore the implications of these soil conditions for food security, climate change, water quality and quantity,
biodiversity, and human health and wellbeing; and (c) to conclude with a series of recommendations foraction
by policymakers and other stakeholders.

The book is divided into two parts. The first part deals with global soil issues (Chapters 1 to 8). This is
followed by a more specific assessment of regional soil change, covering in turn Africa South of the Sahara,
Asia, Europe, Latin America and the Caribbean, the Near East and North Africa, North America, the Southwest
Pacificand Antarctica. (Chapters 9 t016). The technical and executive summaries are published separately.

In Chapter 1 the principles of the World Soil Charter are discussed, including guidelines for stakeholders to
ensure that soils are managed sustainably and that degraded soils are rehabilitated or restored. For long, soil
was considered almost exclusively in the context of food production. However, with the increasing impact of
humans on the environment, the connections between soil and broader environmental concerns have been
made and new and innovative ways of relating soils to people have begun to emerge in the past two decades.
Societal issues such as food security, sustainability, climate change, carbon sequestration, greenhouse gas
emissions, and degradation through erosion and loss of organic matter and nutrients are all closely related
to the soil resource. These ecosystem services provided by the soil and the soil functions that support these
services are central to the discussion in the report.

In Chapter 2 synergies and trade-offs are reviewed, together with the role of soils in supporting ecosystem
services, and theirrolein underpinning natural capital. The discussion then covers knowledge -and knowledge
gaps - on the role of soils in the carbon, nitrogen and water cycles, and on the role of soils as a habitat for
organisms and as a genetic pool. This is followed in Chapter 3 by an overview of the diversity of global soil
resources and of the way they have been assessed in the past. Chapter 4 reviews the various anthropogenic
and natural pressures - in particular, land use and soil management — which cause chemical, physical and
biological variations in soils and the consequent changes in environmental services assured by those soils.

Land use and soil management are in turn largely determined by socio-economic conditions. These
conditions are the subject of Chapter 5, which discusses in particular the role of population dynamics, market
access, education and cultural values as well as the wealth or poverty of the land users. Climate change and
its anticipated effects on soils are also discussed in this chapter.

Chapter 6 discusses the current global status and trends of the major soil processes threatening ecosystem
services. These include soil erosion, soil organic carbon loss, soil contamination, soil acidification, soil
salinization, soil biodiversity loss, soil surface effects, soil nutrient status, soil compaction and soil moisture
conditions.

Chapter 7 undertakes an assessment of the ways in which soil change is likely to impact on soil functions
and the likely consequences for ecosystem service delivery. Each subsection in this chapter outlines key soil
processes involved with the delivery of goods and services and how these are changing. The subsections
then review how these changes affect soil function and the soil's contribution to ecosystem service delivery.
The discussion is organized according to the reporting categories of the Millennium Ecosystem Assessment,
including provisioning, supporting, regulating and cultural services.
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Chapter 8 of the report explores policy, institutional and land use management options and responses to
soil changes that are available to governments and land users.

The regional assessments in Chapters 9 to16 follow a standard outline: after a brief description of the main
biophysical features of each region, the status and trends of each major soil threat are discussed. Each chapter
ends with one or more national case studies of soil change and a table summarizing the results, including the
status and trends of soil changes in the region and related uncertainties.
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Figure 6.7 | Proportion of carbon in broad vegetation classes for soil and biomass carbon pool |15
Figure 6.8 | Estimated dominant topsoil pH. Source: FAO/IIASA/ISRIC/ISS-CAS/JRC, 2009. [124
Figure 6.9 | Historical and predicted shift of the urban/rural population ratio. Source: UN, 2008. |130
Figure 6.10 | Urbanisation of the best agricultural soils. |131

Figure 6.11 | Major components of the soil nutrient balance.

The red discontinuous line marks the soil volume over which the mass balance is calculated. Green
arrows correspond to inputs and red arrows to losses. AS represents the change in nutrient stock. 133
Figure 6.12 | The flows of water and energy through the soil-vegetation horizon |[140

Figure 6.13 | The soil-water characteristic curve linking matric potential, to the soil's volumetric water
content.

Source: Tullerand Or, 2003. |141

Figure 6.14 | The soil's hydraulic conductivity, K (cm day”) in relation to the matric potential, (MPa).
As the matric potential becomes more negative the soil's water content drops (see Figure 6.16) which

increases the tortuosity and slows the flow of water. Source: Hunter College>  |142
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Figure 6.15 | Factors controlling soil water spatial variability and the scales at which they are
important. Source: Crow et al., 2010) |143

Figure 6.16 | (2) Global distribution of average soil moisture depth in the top 1 m of the soil. (b)
Seasonal variability in soil moisture calculated as the standard deviation of monthly mean soil
moisture over the year. (c-d) Global trends (1950-2008) in precipitation and 1 m soil moisture. (e-f) As
for (c-d) but for199o-2008. Results for arid regions and permanent ice sheets are not shown. Source:
Sheffield and Wood, 2007. |145

Figure 7.1| The 11 dimensions of society's'social foundation’and the nine dimensions of the
‘environmental ceiling' of the planet. Source: Vince and Raworth, 2012.  |170

Figure 7.2 | Conceptual framework for comparing land use and trade-offs of ecosystem services.
Source: Foley etal., 2005. |17

Figure 7.3 | Response curves of mean ecosystem service indicators per1-km? across Great Britain.
Source: Maskell etal., 2013. [173

The curves are fitted using generalized additive models to ordination axes constrained by; (a)
proportion of intensive land (arable and improved grassland habitats) within each 1-km square from
CS field survey data; (b) mean long-term annual average rainfall (1978—2005); and (c) mean soil pH
from five random sampling locations in each 1-km square. All X axes are scaled to the units of each
constraining variable [173

Figure 7.4 | The food wedge and the effect of soil change on the area of the wedge. Source: Keating et
al., 2014.

The relative sizes of the effects of soil change on the food wedge are not drawn to scale. [174

Figure 7.5 | Direct impacts of soil threats on specific soil functions of relevance to plant production. |
176

Figure 7.6 | Some soil-related feedbacks to global climate change to illustrate the complexity and
potential number of response pathways. Source: Heimann and Reichstein, 2008. 183

Figure 7.7 | Definition of soil moisture regimes and corresponding evapotranspiration regimes.
Source: Seneviratne etal., 2010.

EF denotes the evaporative fraction, and EFmaxits maximal value. 186

Figure 7.8 | Estimation of evapotranspiration drivers (moisture and radiation) based on observation-
driven land surface model simulation. Source: Seneviratne etal., 2010.

The figure displays yearly correlations of evapotranspiration with global radiation Rg and precipitation
Pin simulations from the 2nd phase of the Global Soil Wetness Project (GSWP, Dirmeyer et al., 2006)
using a two-dimensional color map, based onTeuling et al. 2009, redrawn for the whole globe.
(Seneviratneetal., 2010) 187

Figure 7.9 | A conceptual sketch of how vulnerability, exposure and external events (climate, weather,
geophysical) contribute to the risk of a natural hazard. Source: IPCC, 2012. |196

Figure 7.10 | Trends in landslide frequency and mortality on Asia. Source: FAO, 2011; EM-DAT, 2010. |197
Figure 9.1| Agro-ecological zones in Africa South of the Sahara. Source: Otte and Chilonda, 2002. | 245
Figure 9.2 | Extent of urban areas and Urbanization Indexes for the Sub-Saharan African countries.

Source: Schneider, Friedl and Potere, 2010. | 253
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Figure 9.3 | The fertility rate (the number of children a woman is expected to bear during her lifetime)
forig7o and 2005. Source: Fooddesert.org | 255

Figure 9.4 | Percentage of population living below the poverty line. Source: CIAWorld Factbook,
2012. | 255

Table 9.3 | Estimated nutrient balance in some SSA countries in1982-84 and forecasts for 2000. Surce:
Stoorvogel and Smaling, 1990; Roy et al., 2003. | 262

Figure 9.5| Major land use systems in Senegal. Source: FAO, 2010. |264

Figure 9.6 Proportional extent of major land use systems in the Senegal. Source: Ndiaye and Dieng,
2013. | 264

Figure 9.7 | Extent of dominant degradation type in Senegal. Source: FAO, 2010. | 265

Figure 9.8 | Average rate of degradation in Senegal. Source: FAO, 2010. | 265

Figure 9.9 | Impact of degradation on ecosystem services in the local study areas in Senegal. Source:
Ndiaye and Dieng, 2013. | 266

Figure 9.10 | Broad soil patterns of South Africa. Source: Land Type Survey Staff, 2003. | 268

Figure 9.11| The national stratification used for land degradation assessment in South Africa,
incorporating local municipality boundaries with 18 land use classes. Source: Pretorius, 2009. |270
Figure 9.12 | Actual water erosion prediction map of South Africa. Source: Le Roux etal., 2012. | 271
Figure 9.13 | Topsoil pH derived from undisturbed (natural) soils. Source: Beukes, Stronkhorst and
Jezile, 2008a. |273

Figure 9.14 | Change in land-cover between 1994 and 2005 as part of the Five Class Land-cover of
South Africa after logical corrections. Source: Schoeman et al., 2010. | 275

Figure 10.1| Length of the available growing period in Asia (in days yr'). Source: Fischeretal., 2012. | 289
Figure 10.2 | Threats to soils in the Asia region by country. | 291

Figure 10.3| Nitrogen surplus or depletion, and nutrient use efficiency in crop production in Asia and
the Middle Eastin 2010. |304

Figure 10.4 | Degradation and wastelands map of India. Source: ICAR and NAAS, 2010. | 305

Figure 10.5 | Indonesian peatland map overlaid with land cover map as of 2011. Source: Wahyunto et
al.,2014. |310

Figure 10.6 | Distribution map of radioactive Cs concentration in soil in Fukushima prefecture
(reference date of 5 November, 201). Source: Takata etal., 2014. | 312

Figure 10.7 | Distribution map of the parameters of USLE and classification of estimated soil loss.
Class I: less than1tonnes ha' yr; Class Il: 1-5 tonnes ha' yr'; Class I11: 5110 tonnes ha' yr; Class IV: 10-30
tonnes hayr; ClassV: 30-50 tonnes hayr?; Class VI: more than 5o tonnes ha' yr'. Source: Kohyama
etal., 2012. |313

Figure 10.8 | Estimate CH, emission from rice paddy in Asia. Source: Yan etal., 2009. |315

Figure 1.1 | Terrestrial eco-regions of the European region. Source: Olson et al., 2001. |333

Figure 1.2 | Soil salinization on the territory of the European region. Source: Afonin et al., 2008; Toth
etal.,2008; GDRS,1987. |343

Figure 11.3 | Some types and extent of soil degradation in Ukraine. Source: Medvedev, 2012. | 353
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Figure 11.4 | Soil map and soil degradation extent in Uzbekistan. Source: Arabov, 2010. | 355

Figure 12.1| Biomes in Latin America and the Caribbean. Source: Olson etal., 2001. |367

Figure 12.2 | Extent of the urban area and the urbanization index for Latin American and Caribbean
countries. |374

Figure 12.3 | shows soil organic carbon contents and stocks (taking into account soil bulk density)

in different Mexican ecosystems. Carbon concentrations (left) and carbon stocks (right) in the main
ecosystems of Mexico. In both cases the bars with the strongest tone indicate a primary forest, closed
pasture or permanent agriculture. Bars with the softer tone indicate a secondary forest, open pasture
orannual agriculture. Source: Cruz-Gaistardo, 2014. |376

Figure 12.4 | Organic carbon stock (or density) in soils of Latin America and the Caribbean, expressed
in Gigagrams per hectare. Source: Gardietal., 2014. |378

Figure 12.5 | Tree cover in the tonne 2000 and forest loss in the period 2000-2014. (A) Brazil, centered
at5.3°S, 50.2°W, (B) Mexico and Guatemala, centered at16.3°N, 90.8°W and (C) Peru, centered at
8.7°S, 74.9°W; (D) Argentina, centered at 27.0°S, 62.3°W and (E) Chile, centered at 72.5°S, 37.4°W. Source:
Hansenetal., 2013. |379

Figure 12.6 | Expansion of the agricultural frontier under rainfed conditions in the north of Argentina.
Source: Viglizzo & Jobbagy, 2010. |383

Figure 12.7 | Percentage of areas affected by wind (a) and water erosion (b) in Argentina. Source:
Pregoetal., 1988. |385

Figure 12.8 | Predominant types of land degradation in Cuba. Source: FAOQ, 2010. |387

Figure 12.9 | Extent of land degradation in land use system units in Cuba. Source: FAO, 2010. |387
Figure 12.10 | Intensity of land degradation in Cuba. Source: FAO, 2010. |388

Figure 13.1| Land use systems in the Near East and North Africa. Source: FAO, 2010. | 403

Figure 13.2 | Extent of the urban areas and Urbanization Indexes for the Near East and North African
countries. Source: Schneider, Friedl and Potere, 2009. |410

Figure 13.3 | Layout of the project site source (a) and conceptual design and layout of bioremediation
system (b). Source: Balba etal.,1998. |42

Figure 13.4 | Rate of water erosion in Iran. Source: Soil Conservation and Watershed Management
Research Institute. |424

Figure 13.5 | Shows days with dust stormsin 2012, while Figure13.6 shows the origin of dust stormsin 2012. |425
Figure 13.6 | Internal and external dust sources in recent yearsin Iran. Source: University of Tehran, 2013. 426
Figure 13.7 | Assessment of Water (a) and Wind Erosion (b) in Tunisia | 427

Figure 13.8 | Soil ConservationinTunisia |428

Figure 13.9 | Type of ecosystem service most affected. |429

Figure14.1| Level || Ecological regions of North America. Source: Commission for Environmental
Cooperation, 1997. |446

Figure 14.2 | Map of Superfund sites in the contiguous United States Yellow indicates final EPA
National Priorities List sites and red indicates proposed sites. Source: EPA, 2014a. | 449

Figure 14.3 | Areasin United States threatened by salinization and sodification. Source: NRCS' 145!
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Figure 14.4 | Risk of soil salinization in Canada 201. Source: Clearwater et al., 2015. | 452

Figure 14.5 | Risk of water erosion in Canada 2011. Source: Clearwater et al., 2015. | 461

Figure 14.6 | Risk of wind erosion in Canada 2011. Source: Clearwateretal., 2015. |462

Figure 14.7 | Soil organic carbon change in Canada 201. Source: Clearwater etal., 2015. | 463

Figure 14.8 | Residual soil N in Canada 2011. Source: Clearwater etal., 2015. | 465

Figure 14.9 | Indicator of risk of water contamination by phosphorus (IROWC-P) in Canada in 2011.
Source: Clearwateretal., 2015. |466

Figure 15.1| Nations in the Southwest Pacific region and the extent of Melanesia, Micronesia and
Polynesian cultures. Figure based on base map imagery: exclusive economic zone boundaries (EEZ)v 8
2014, Natural Earth113.2.0 | 478

Figure 15.2 | Change in the percentage area of all land prepared for crops and pastures under different
tillage practices in Australia, 1996-2010 Source: SOE, 2011. | 486

Figure 15.3 | () Trends in winter rainfall in south-western Australia for the period 1900—2012. Source:
Australian Bureau of Meteorology'.

The1s-year running average is shown by the black line. (b) Annual mean temperature anomaly time
series map for south-western Australia (1910—2012), using a baseline annual temperature (1961-1990)
0f16.3°C. The 15-year running average is shown by the black line. | 501

Figure 15.4 | Percentage of sites sampled (2005-12) with soil pH at o—10 cm depth below the
established target of pHCa 5.5 (left) and the critical pHCa 5.0 (right). Grey indicates native vegetation
and reserves. Source: Gazey, Andrew and Griffin, 2013. | 502

Figure 15.5 | Agricultural lime sales 2005-12 in the south-west of Western Australia based on data for
85—90 percent of the market. |503

Figure 15.6 | MODIS image for cooo 23 September 2009 showing Red Dawn extending from south
of Sydney to the Queensland/NSW border and the PM 10 concentrations measured using Tapered
Element Oscillating Microbalances (TEOM) at the same time at ground stations. | 506

Figure A1|(a) A Histosol profileand (b) a peatbog in East-European tundra. |529

Figure A 2| (2) An Anthrosol (Plaggen) profile and (b) associated landscape in the Netherlands. | 531
Figure A 3| (a) ATechnosol profile and (b) artefacts found in Technosol. | 533

Figure A 4 | (a) A Cryosol profile and (b) associated landscape in West Siberia, Yamal Peninsula. | 535
Figure A 5| (a) A Leptosol profile in the Northern Ural Mountains and (b) associated landscape. |537
Figure A 6 | Vertisol gilgai patterns and associated soils: (a) linear gilgai pattern located on a
moderately sloping hillside in western South Dakota. Distance between repeating gilgai cycle is about
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horizons) with light-colored shallow calcareous soils associated with diaper in microhigh (Bssk and Ck
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depth of soil trench in about 2 m. (d) Close up of dark-colored soil associated with microlow and light
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colored diaper associated with microhigh of the trenchin (c). |539
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