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The continual loss and impairment of soil ecosystem services
(SES) across the globe calls for a fundamental reconsideration
of soil governance mechanisms. This critical synthesis charts
the history and evolution of national and international soil
law and seeks to unravel certain challenges that have
contributed to this failure in governance. It describes and
categorizes law and policy responses to different soil threats,
and identifies a worrying widespread absence of legislation
for oversight and protection of agricultural soils from
urbanization, as well as a lack of clear legal mechanisms to
determine national priorities for soil protection. A reduction
in the world’s prime farmland threatens SES, including food
security, carbon storage and biodiversity. Falling between the
stalls of agricultural and environmental law, the fate
of farmland is often left to planners who do not see
themselves as responsible for soils. Consequently, legal
instruments with the greatest power to affect soil, sometimes
irreversibly, are often framed and worded with little or no
reference to the soil. Nevertheless, emerging conceptual
frameworks might offer positive outcomes. The authors
advocate robust holistic policies of soil governance and land
use planning that place SES and natural capital at the heart
of decision making.

1. Introduction
Soil is a vital multifunctional resource that could be regarded as
the metaphorical as well as the literal foundation of human
civilization. Soil ecosystem services (SES) [1], and the broader
© 2021 The Authors. Published by the Royal Society under the terms of the Creative
Commons Attribution License http://creativecommons.org/licenses/by/4.0/, which permits
unrestricted use, provided the original author and source are credited.
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The last of these would have been almost inconceivable to our forebears, only assuming critical
importance approximately since the beginning of the new millennium.
However, in certain circumstances soil, like any other natural resource, can deliver negative impacts,
such as emitting GHGs, harbouring pests and diseases, or contributing to the accumulation of sediment,
dust storms and landslides. These events are reminders that good governance of soil is also about
minimizing ecosystem ‘disservices’ as well as safeguarding essential ecosystem services. We live in a
time of anthropogenic environmental crisis, unprecedented climate change and species extinction.
A report recently released by WWF states that: ‘Since 1970, our Ecological Footprint has exceeded the
Earth’s rate of regeneration,’ and currently exceeds the world’s capacity to support humanity by 56%
[3]. Soil is an integral component within this system, both as an enabler and a victim of exponential
human expansion.
This interdisciplinary critical synthesis reviews the role of soil governance in helping to achieve the
objectives of the UN Sustainable Development Goals (SDGs), to mitigate and adapt to climate change
and contribute to a more secure future for humanity. We trace the historical path of the status and
governance of soil; categorize anthropogenic threats to soil, and legal mechanisms that can be applied
to address them; and discuss the semantics surrounding legal aspects of soil and land, aiming to
disambiguate and illuminate the terminology. The current state of the art of soil governance is
explored in depth and a key finding is a failure to prevent or barely acknowledge the worldwide loss
of prime farmland and the implications of this for society. The review concludes by looking to
emerging approaches such as the soil security conceptual framework, proposed as a way of
translating critical soil knowledge into sustainable development policy, and to holistic land evaluation
methodologies that incorporate SES into land use planning.

2. Methods
An open-ended literature review was conducted, using combinations of the following search terms:
‘agriculture’, ‘biodiversity’, ‘conservation’, ‘contamination’, ‘conversion’, ‘degradation’, ‘ecosystem
services’, ‘erosion’, ‘farmland’, ‘governance’, ‘land’, ‘land take’, ‘land use planning’, ‘law’, ‘legislation’,
‘non-agricultural’, ‘policy’, ‘preservation’, ‘prime’, ‘protection’, ‘SDG’, ‘urbanization’, ‘urban sprawl’,
‘soil’, ‘soil sealing’, etc. By selective analysis we synthesized key points, such as our own
categorizations, thus adding new content. By presenting in this way, the intention was twofold: to
provide the reader with some clear signposts within a large and complex domain; and to provide
ourselves with a framework within which the context of any given issue could be better understood
and deconstructed.
To complement data and cases studies from the literature, a comprehensive search was conducted to
abstract data from FAOLEX, the UN Food and Agriculture Organization (FAO) online database of
policies and laws [4]. FAOLEX documents legal instruments in force in nearly 200 countries. This
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— Physical: providing building or landscaping material, and a stable substrate for infrastructure;
— Chemical: regulating the supply of plant nutrients;
— Biological: constituting biodiverse ecosystems and communities of useful organisms, converting toxic
sewage and decomposing matter into plant nutrients and providing a genetic reservoir;
— Hydrological: facilitating water absorption, storage and filtration and attenuating flooding;
— Cultural: preserving cultural heritage and archaeological information, and providing recreation;
— Climatic: storing carbon (C), regulating greenhouse gas (GHG) fluxes and heat buffering.
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concept of soil-derived nature’s contributions to people (NCP) [2], is a relatively new academic
subdiscipline, but human awareness of the life-supporting role of soil is as old as civilization, if not
older. Clearly, the ground beneath our feet provides so much more than the ground beneath our feet,
and transcends title deeds, boundary fences and even national borders. Arguably, we are more
dependent on soil than ever, as our dominance as a species has resulted in greater demands and
stressors on our environment. As the world’s population has soared and almost every parcel of its
terrestrial surface has been assigned to the various national states, and then further sub-divided and
transformed by governments, private corporations or individuals, the need to safeguard this
increasingly degraded resource is more urgent than ever.
In addition to the familiar and very direct role that soil has in providing our food, fibre and timber,
we often forget its many other interconnected functions, for example:
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3.1. The evolution of soil law
The ancient Egyptians called their nation state Kemet which means black land or dark earth, in contrast to
the barren Deshret, or red land, stretching out on either side. The black silty clay of the Nile valley was not
simply a metaphor for their country; in their minds, it was their country. Human dependence
on productive soil and the impact of its degradation on civilization throughout history is well attested
[6–10]. Mesopotamia experienced at least two catastrophic regime changes due, respectively, to soil
salinity and soil erosion [11,12]. The Greek and Roman writers make multiple references both to the
benefits of soil quality and the threat of soil degradation, and by the 1500s in Europe soil was
regarded as the key factor of an economy [11]. History is full of examples of land-related wars and
conquests, often correlated with soil quality [13–15] and repression and killing of those seeking to
protect land and soil quality continues today [16,17].
1
SoiLEX is described as a global database on national legislation on soil protection, conservation and restoration to facilitate access to
information on the existing legal instruments in force and bridge the gap between the various soil stakeholders.: www.fao.org/soilsportal/soilex/en/.
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3. Soil as a valued resource and legal entity
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database is organized by country, into the following groups, of which those marked with an asterisk were
reviewed by the lead author (where they existed for the country in question): Policies ; Legislation:
Agricultural and rural development , Climate change, Cultivated plants, Disaster risk management,
Environment , Fisheries, Food and nutrition, Forestry, Land and soil , Livestock, Sea, Water, Wild species and
ecosystems ; International Agreements . Land and soil was the most relevant, but it was necessary to search
further, because in many cases this group is primarily devoted to the administration of land ownership
and land reform. The groups are not mutually exclusive, so some legislation appears more than once.
The name of the FAOLEX entry alone was sometimes broadly sufficient to explain its meaning, e.g.
‘Soil conservation law’, but in many cases, it was necessary to select the embedded hyperlink to access its
summary (usually in English). Ambiguous or simplified wording often made it necessary to select a
further link to the full text, either within FAOLEX or on the websites of national governments. These
documents were often in the local language, sometimes in the local script, and where necessary
Google Translate was used. In some cases, individuals professionally familiar with the legislation
were contacted for clarification and asked whether the laws in question were implemented and
effectively governed. Approximately 1% of countries had either created no such instruments or lacked
any accessible data in FAOLEX. This information was compiled from the summer of 2020 until the
summer of 2021. A spreadsheet was created with one row per country and columns indicating
categories of legal instrument, and from this, it was possible to calculate percentages of countries with
such measures in force. The FAOLEX groups are powerful retrieval mechanisms, but unrelated to the
categories we derived. While our research was being conducted FAO was in the process of creating
and populating a similar but soil-specific repository, SoiLEX, including data from FAOLEX1. In terms
of structural organization and ease of use, SoiLEX is superior to FAOLEX but limited to highly soilspecific categories of legislation, whereas FAOLEX is wider in scope and, crucially for our purposes,
contains laws relating to the protection or preservation of categories of land such as prime farmland
and natural ecosystems.
Some caveats are necessary. Such a synthesis can only ever be approximate and is undoubtedly
incomplete. Several polities listed in FAOLEX as countries actually comprise a number of countries
(e.g. the UK), or separate provinces or states (e.g. the US), with differing laws. Many instruments,
especially policies, are generalized, e.g.: ‘The land is the main national wealth, which is under the
special protection of the state … ensuring rational use and protection of land’ [5], iterated many times,
but with little or no further qualification. A law stating that land will be classified as urban or rural
could imply protected status or simply a degree of spatial planning; the latter was assumed unless
explicitly otherwise. Furthermore, this is primarily a review of officially documented policies and
laws, not a comprehensive assessment of enforcement or effective governance. While an overview of
international soil law and policy context is provided, the synthesis does not deal in detail with states’
external relations or human and peoples’ rights relating to land and soil, nor does it address global or
national soil information systems or soil education and literacy measures, all of which are also
important aspects of comprehensive soil governance.
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The earliest known attempts to put an economic value on productive land were Chinese soil
classification and maps created 2000 years BCE for taxation purposes [18]. Other ancient peoples also
independently derived similar systems, for example in Mesoamerica [19]. However, while there are
many historical examples of land ownership rights and transactions [20], it is difficult to pin down
when laws or policies were first introduced to protect soil or land as a vulnerable or scarce resource
in its own right, that is, part of the natural capital for the common good. The Statutes on Agriculture,
compiled during the Qin Dynasty of the late fourth century BCE is China’s, and possibly the world’s,
earliest known set of soil-related laws [21]. The Statutes were followed a century later, during the Han
Dynasty (206 BCE–8 CE), by the Book of Fan Shengzhi, China’s oldest surviving agronomic treatise
which provides extraordinarily detailed instructions on most aspects of soil management and may
well have been regarded by farmers as de facto law [22].
Perhaps the oldest surviving documented legislation explicitly addressing soil is that within the
Digesta of the Eastern Roman emperor Justinian, published in the sixth century, but including laws
dating from centuries earlier. While there was no overt implication that soil per se was a scarce
resource in the Roman Empire, these edicts leave the reader in no doubt that soil was of great
importance to everyone involved in its use, from the question of who benefited from its bounty to
who was responsible for its maintenance [23].
In the modern era, the first specific instances of soil legislation were usually initiated in response to
the threat of severe soil erosion, typically the result of inappropriate land management combined with
extreme climatic conditions. The most iconic example is the US Dust Bowl of the 1930s, leading to the
first major piece of soil-related legislation in the US, the 1935 Soil Conservation Act, but even before
then soil erosion was perceived as an ever-present threat to American farmers and food production.
By the 1870s there was widespread awareness of the problem of erosion [24]. The emerging
environmental movement in Europe and America also had a growing influence on policy [25,26], and
forest protection laws incorporating the principle of soil conservation appeared, for example in the US
from 1873 [26] and New Zealand in 1874 [27]. In 1894, the US banned grazing in federal reserves to
prevent land degradation [26] and in 1901 the Indian state of Punjab, under British administration,
passed what might be the first soil and water conservation law, the Punjab Land Preservation Act, still
in force today [28]. In 1907, Iceland passed the first national parliamentary soil conservation act [29].
A significant result of the Dust Bowl and President Roosevelt’s generous response to it was the huge
contribution made by the United States Department of Agriculture (USDA) and American scientists to
the worldwide study and management of soils. Despite some criticism [30–33], the far-reaching
impact of this intense period of activity, barely perceived outside the sphere of soil science, is perhaps
unparalleled in human history. Building on a legacy of international scholarship, especially in
Germany and Russia [34], in the space of a decade at least three trailblazing conceptual tools were
created: the Soil Taxonomy, the land capability classification (LCC) methodology and the universal
soil loss equation (USLE). These would radically transform the international science, management and
legislation of soils.
From the 1930s other nations rapidly passed their own soil and land legislation. Food security was a
major driver, but so was the loss of rural landscapes and wilderness. Other kinds of environmental
protection were also implemented throughout the twentieth century, such as the creation of green
belts around cities, even as early as 1901 [35]. In the 1940s, however, World War II impacted food
production and distribution, especially in Europe, fostering more self-reliance. In the postwar world
agricultural productivity took on a new significance and the new technique of land evaluation was
enthusiastically applied [36,37].
In the UK, even before the end of the war, the Scott Report on rural land use recommended the
protection of: ‘good agricultural land’, but also signalled a new approach to planning that
incorporated landscape amenity [38], and has been cited as prescient in its ethos of sustainable
development [39]. The report fed into the 1944 White Paper, The Control of Land Use [40] which paved
the way for one of the earliest and most radical planning policies of its kind anywhere, enshrined in
the UK 1947 Town and Country Planning Act which nationalized land use regulations and has been
emulated worldwide [41]. While the driving force of the USDA LCC had been farm management and
soil conservation, the British system was primarily a tool of the new planning system, being put to
work by soil surveyors in Britain not to find new land to cultivate, but to identify and protect existing
prime farmland. The latest incarnation of this system in England and Wales is the 1988 agricultural
land classification (ALC) system for identifying the ‘best and most versatile’ (BMV) land [42]. In 1984,
the USDA Natural Resources Conservation Service (NRCS) developed its own system oriented
towards planning legislation, land evaluation and site assessment (LESA) [43].
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In a sign of things to come, the UK postwar agricultural policy came in for subsequent criticism for
virtually exempting farmers from planning regulations, the assumption being that the role of farmers
in protecting the rural landscape made controls on agricultural land use unnecessary [39,54]. After
WWII, geopolitics stabilized and agricultural productivity soared, due to a range of technological
innovations [31], which from the 1960s reached lower-income economies as the Green Revolution [55].
This period represents a radical reframing of society’s attitudes towards the environment and
agriculture [56]. In some parts of the world food security was no longer regarded as a serious threat,
whereas agriculture itself was increasingly perceived as the primary threat to the environment, and
hence a mixed blessing. Both the expansion and intensification of agriculture led to unprecedented
wildlife habitat loss, encompassing deforestation, wetland drainage, conversion of grassland to arable
and hedgerow clearance. Added to this were many other environmental impacts associated with
industrial agriculture, including pollution, soil degradation and fuel inefficiency [57–59].
The publication of Silent Spring by Carson [60] led to a major international turning point in changing
attitudes and policies in response to the excessive use of pesticides and herbicides. In Europe, in the 1970s
and 1980s the Common Agricultural Policy (CAP) came to epitomize the ironic twin dilemma of
taxpayers subsidizing overproduction at the expense of environmental destruction [40,54,56]. With the
public emergence of climate change science since the late 1980s [61], and growing evidence of the
significant climate-forcing influence of GHG emissions from farming [62], alongside the ongoing loss
of biodiversity [63], agriculture finds itself more implicated than ever as a cause of the environmental
crisis as well as its victim. The negative image of modern agriculture as an industry that degrades soil
and threatens ecosystems risks devaluing the public perception of agricultural land, as if the sealing
of such land would not result in a loss of environmental benefits. Meanwhile, soil science, straddling
geology and biology, became virtually a subdiscipline of agriculture at least halfway into the
twentieth century [11]. Hence soil, by association and also because largely hidden, rarely evokes the
kind of intrinsic concern that attaches to wildlife or landscape.

3.3. The relationship between soil and land
Soil and land are inextricably linked in the context of governance and, indeed, many languages conflate
the two in common parlance. Weigelt et al. [64] stress a distinction between soil and land, but also
identify a gap in the literature to address the critical importance of governing them together to
achieve sustainability. An absence of land rights also often encourages poor soil management and
land degradation [65–68]. From a legal perspective, the concept of land is usually operative in matters
of ownership and boundaries, and also in terms of spatial and territorial planning. Soil tends to enter
the legal fray when it is transformed, harmed or threatened by a specific activity, whether by the
owner of the land containing the soil, or by another party. This distinction signals two very different
aspects of soil law. The former perspective generally encompasses property rights, whereby the
injured party is primarily the landowner. The latter perspective offers protection to soil as a legal
entity in its own right, even from its ‘owner’, for the common good.
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The postwar era is notable for the creation of global and regional institutions such as the FAO, the
International Union for Conservation of Nature (IUCN) and the European Union (EU), all of which
have been instrumental in relation to land and soil governance. Shortly after its creation in 1945, the
FAO embarked on the world’s first formal international attempt to address soil conservation as a
global issue, via a report [44] and a conference in 1948 [45]. Underpinning such initiatives was a
growing awareness of the economic impact of soil degradation, to society at large as well as
individual land users, with far-sighted hints at the valuation of ecosystem services and implications
for government policy [46]. Similar analyses followed in the ensuing decades [47,48], and soil law
continued to evolve, with the US taking the lead [49].
In 1949, the botanist Aubreville coined the term desertification to describe the transition of
agricultural land in arid or semi-arid areas to an uncultivable state lacking ecological viability due to
a combination of climatic and human factors [50]. By 1958 the Chinese government acknowledged the
threat of desertification to the wellbeing of nearly 200 million people, and has initiated afforestation
programmes since 1978 [51]. Despite controversy over its meaning, the concept of desertification
became and continues to be a significant driver of sustainable land management (SLM) initiatives
designed to tackle land degradation [52,53].
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3.4.1. Types of threat
Humans have learnt to transform soil to their advantage, and the overall impact of human society on soil,
both intended and unintended, has been profound. Short-term gains have often been at the expense of
long-term harms. The picture is further complicated by the fact that human impact exacerbates or
unbalances natural processes such as soil erosion, salinization or flooding. Soil or land is typically
vulnerable to three types of anthropogenic threat, set out in table 1, and described further below.

3.4.2. Soil degradation
In this context, degradation refers to any harm done to the soil which is potentially ameliorated by
remedial measures and includes acute problems such as contamination, salinization, acidification,
sodification and compaction or other forms of structural collapse2. The term soil degradation has also
been widely used to describe the gradual and chronic loss of productivity, typically the result of overexploitation and inadequate management, invariably bound up with erosion, organic C depletion,
reduction in soil biodiversity and low nutrient status. While acute soil degradation is often the result
of breaches of regulations, chronic soil degradation tends to be associated with either intensive
agriculture or rural poverty, and generally requires supportive rather than punitive legislation. These
problems can be complex and linked to natural causes or intrinsic to certain soil types. In the worst
cases, large tracts of land have been abandoned or declared unfit for food production with severe
economic impacts. Gisladottir & Stocking [52] articulate the interlinkages of land degradation with
other environmental problems such as climate change and biodiversity loss.
In the first study of its kind, UNEP commissioned the International Soil Reference and Information Centre
(ISRIC) to conduct the Global Assessment of Soil Degradation (GLASOD). GLASOD concluded that from
World War II to 1990 15% of all land worldwide (almost 2 billion hectares) was degraded, equating to 23%
of inhabited land (14% seriously). Soil erosion was by far the most widespread form of soil degradation,
affecting 83% of degraded land. Approximately 20 years later ISRIC scientists reviewed GLASOD and used
satellite imagery to measure an overlapping and subsequently ongoing period (1981–2003) [70,71]. The
authors detected a further 24% of the total land area that was degrading mostly in addition to GLASOD’s
15% already degraded, i.e. a cumulative process, implying that at least a third of the world’s land appeared
to be degraded to some extent by 2003.3 Additional key findings were that land degradation was not
primarily a problem of drylands, as had long been proposed, but was a worldwide phenomenon.
In a 2015 follow-up study, the global estimate of degrading land was revised down slightly to 22%,
with 14% of land showing some improvement [72]. Also in 2015 FAO/ITPS4 claimed that 33% of the land
2
The term ‘soil degradation’ can also, more generally, be understood to encompass the other two threats listed here, including soil
sealing.
3

The authors made no attempt to merge the data because of the contrasting methods of the separate studies and the fact that the
GLASOD data were unverifiable, but one of the authors opines that: ‘It is not unreasonable to judge that all land now under
anything less than natural climax vegetation is degraded in terms of biodiversity and stored carbon and nitrogen, perhaps 66% of
the world’s land surface and rising’. (D. L. Dent 2020, personal communication).
4

The Intergovernmental Technical Panel on Soils.

R. Soc. Open Sci. 8: 201994

3.4. Anthropogenic threats to soil and land

6

royalsocietypublishing.org/journal/rsos

Where the blurring of land and soil becomes problematic is in instances of proposed changes that are
framed only in relation to land despite having significant impact on the soil within, or adjacent to, that
land. This opacity can apply to legislation specific to agriculture, the environment or planning, and as a
result important soil implications of land use conversion may fall into the gaps between all three. The
creators of agricultural laws may feel that their remit regarding soil protection extends only to the
direct impact of farming on soil, while the creators of environmental laws may feel that their remit for
soil protection and conservation extends only to an unspecified component within a larger ecosystem
or protected landscape. This then leaves rural land use conversion in the hands of the creators and
implementers of planning laws, who may feel that soil per se is outside their jurisdiction, despite the
soil-related implications of the land use changes that their legislation may encompass. There is in
effect a blind spot whereby the legal instruments with the greatest power to affect soil, sometimes
irreversibly, are often framed and worded with little or no reference to the soil. Raising this in a
meeting with government soil scientists caused heads to nod in agreement and perusing comparative
laws reveals that this is a recurring theme throughout the world [4].

Table 1. Types of anthropogenic threat to soil or land.

2. conversion of natural ecosystems or other semi-natural and uncultivated land to another form of land use, such as
agriculture, forestry, urbanisation or industry, including mining or energy infrastructure (conversion is also known as
‘land take’)

was degraded, and could reach 90% by 2050 [73]. A 2016 study produced a global figure of 30%
degraded land [74]. A UNCCD analysis in 2017 revised the total to 23% [75], but states that: ‘…over
the last two decades, approximately 20 per cent of the Earth’s vegetated surface shows persistent
declining trends in productivity’. [76]. In 2018 IPBES5 concluded that 75% of the Earth’s land surface
is either transformed or degraded to some extent by human activity, impairing 3.2 billion livelihoods
and costing 10% of the annual global gross product, whereas the benefits of restoration are typically
10 times higher than the costs [77].
Most countries now have some form of regulation addressing soil degradation, typically embedded
within their agricultural legislation, and in a number of these countries, the law is strictly enforced. In
many cases, soil policies go beyond prohibitive and punitive laws dealing with acute soil degradation,
and incorporate support and incentives to foster improved long-term soil health and protection [78].
Compared to land use conversion, soil degradation, even though it may be the result of deliberate
law-breaking, is generally recognized as unintended and unwelcome, so there are fewer obvious social
pressures to oppose such laws. The global trend has been greater governance, but the cost of
remediation can be prohibitive, whether for those held responsible or those who bear the cost, e.g.
taxpayers, so circumvention is a constant risk [79]. China stands out as the country probably most
afflicted by soil degradation, of every kind, but by contamination in particular, on a scale that appears
irreparable and unaffordable, requiring more than the world’s entire wealth to remediate, according to
The Economist [80]. Nevertheless, no country seems more acutely aware of this or determined to
address it than China itself [81,82].

3.4.3. Conversion of natural ecosystems
Natural ecosystems or semi-natural landscapes, that is land that is uncultivated and largely unmanaged
[83], are ubiquitously valued for a variety of reasons: their importance for Indigenous peoples and other
local communities; their aesthetic characteristics and recreational potential; their educational and
scientific worth; and, with increasing urgency, their vital ecosystem service benefits. Aside from
largely uninhabitable areas, this category of land includes forest, wetland, native grassland (e.g.
prairie or steppe) and heath-/moor-/peatland. Globally the primary threat to such land is from
conversion to agriculture, responsible for 80% of deforestation according to WWF [3], but the full
picture is confused by claims of both overestimation and underestimation [84].
The dynamics of forest change are also complicated by temporary deforestation and forest gain, e.g.
via afforestation, reforestation or regrowth on abandoned farmland. A recent study [85] using satellite
imagery estimated that between 2001 and 2015, only 27% of global tree cover loss was permanent
land use change for commodity production, i.e. large-scale agriculture, mining and energy
infrastructure. Urbanization accounted for less than 1%. Impermanent changes included forestry
(26%), shifting agriculture (24%) and wildfire (23%). Regional contrasts were stark with permanent
deforestation accounting for most of the tree loss that occurred in Latin America and Southeast Asia,
mainly driven, respectively, by ranching and oil palm plantations [85]. Indonesia and Malaysia stand
out as areas of increased deforestation. The rate of loss had declined markedly in Brazil, but since the
change of regime in Brazil in 2018 forest destruction is reported to have increased again dramatically
[86]. Other regions have relatively low rates of permanent deforestation, with temporary disturbance
associated with managed forestry and, in North America, Russia and Australia, wildfire. A few
countries have achieved a net forest gain.
5

The Intergovernmental Science-Policy Platform on Biodiversity and Ecosystem Services.
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The vast majority of land consumed by urban and industrial expansion throughout the world is
agricultural land and this type of threat, which encompasses much soil sealing, is arguably the least
reversible and the most profound of these three types of anthropogenic threats. Furthermore, for
sound socioeconomic reasons, urban settlement has historically developed near, and often surrounded
by, prime farmland. Hence it is frequently the best quality land that is most vulnerable to conversion
[97–100]. Peri-urban farmland is particularly attractive to developers because unless it is subject to
strict green belt or zoning laws, it lacks the environmental protections of natural ecosystems, is
usually cheaper to develop than brownfield sites [101] and tends to be conveniently situated in terms
of existing facilities and infrastructure. In the UK there has been a gradual weakening of the
protection afforded to BMV land, despite an official policy to the contrary [102,103]. Furthermore, a
study of 25 EU countries found that the land most at risk was that slightly further out from city
boundaries, which typically has more fertile soil than that closer to the city [104], while, interestingly,
the influence of CAP subsidies reduced the rate of land take in general.
Although agricultural land take is rarely covered by either environmental or agricultural legislation,
an exception to this is where farmland is protected for its above-ground biodiversity value, e.g. high
natural value (HNV) [104], but this is not the same thing as protecting land for its intrinsic SES value.
The last resort for farmland preservation, if it occurs at all, is usually some form of spatial or
territorial planning, but the primary motive for such planning regulation is typically urban expansion
driven by population and commercial pressure, rather than rural protection [105,106]. There is a
distinct lack of robust legal instruments to prohibit or restrict agricultural land take and the approach
taken varies considerably between and within countries, producing policies that are frequently
complex and sometimes ambiguous or conflicting [40,106–113]. Added to this is the prevalence of
‘informal’ governance of planning regulations in many low- and middle-income countries [111,114,115].
The mere potential for urban development, even without planning permission, typically increases the
value of farmland by, for example, fivefold in South Korea [116], sixfold in Morocco [117], nearly 10-fold
in New Zealand [107] and even by orders of magnitude more than this: 100-fold in Ghana over 10 years
[118] and similar multipliers in Britain and Japan [119]. This creates enormous commercial pressure for
landowners to sell, especially in lower-income countries where agricultural livelihoods may be
precarious and lack government support [120], but do not necessarily leave poorer farmers with any
long-term benefits. With the exception of a few who may be able to exploit new urban markets, most
farmers will use this temporary windfall to pay off debts and become landless farmers or seek other
occupations [121]. The prospects of re-investing in cheaper land to cultivate are greatly diminished by
the fragmentation of holdings and the creeping outward shift of the agricultural zone onto lower
quality land [121].
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Natural ecosystems tend to be better protected in the higher income countries, but historically this
was largely because they lack the natural resources that facilitate intensive land use and often present
severe obstacles to development. Very little ‘productive’ wilderness remains, and some parts of the
tropics have reached or are close to this point [87]. In sub-Saharan Africa, even where natural forest
exists near settlements, it is difficult and expensive for farmers to encroach on such land, which also
often has poor soil [88]. The alarm has also been raised concerning the impact of rising and
uncontrolled urbanization on biodiversity in Africa [89]. In 2009 Rockström et al. [90] suggested we
are approaching the limits of planetary land use conversion. This makes the preservation of natural
ecosystems worldwide all the more urgent, especially given their far-reaching environmental benefits,
such as C storage, biodiversity and soil and water conservation. A combination of agricultural
support and incentives, and rational territorial planning can raise farm incomes, improve food
security and reduce loss and expansion of farmland [91–95].
Nevertheless, conversion of natural lands to agriculture is rarely as drastic or permanent as
urbanization, and many countries are increasingly rewarding landowners, land managers or farmers,
for example via payments for ecosystem services (PES), to implement more environmentally benign
land use and practices [96]. Putting aside the question of how effectively each government responds to
the loss of natural ecosystems, the issue is relatively unambiguous and virtually every country on
Earth, theoretically at least, protects such land with environmental laws and policies. Furthermore,
soil protection per se is rarely the driving force behind such legislation, which tends to be framed
in terms of ecology, biodiversity or watershed protection, or occasionally preservation of landscape
or culture.

A. Shortly (Greenbelt Foundation, Toronto) 2020, personal communication.
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It is worth addressing arguments advocating, or not opposed to, farmland conversion. Visser takes
this logic to a purely economic extreme of treating natural resources as tradeable commodities or
assets and even suggests that land markets would benefit from greater scarcity of farmland [122].
Satterthwaite et al. [123] argue that the world has abundant arable land and a global economy from
which urban populations can import food without depending on their own agricultural hinterland.
This suggestion presupposes reliable food supplies and reliable trading partners, yet geopolitical
instability and climate change increasingly threaten global food security [124], not to mention the
additional risks associated with a global pandemic.
In defence of conversion one might argue that much farmland, often government-owned, has been
abandoned or under-used for various reasons, such as de-population of rural areas or, as in the case
of the former Soviet Union, incomplete land reform [125], and that this land could be recultivated.
There may be limited capacity for rehabilitated farmland to compensate for conversion elsewhere
[126], but this raises other issues. One reason for abandoning farmland is the difficulty in extracting
an adequate livelihood because the land is degraded [127] or marginal [125]. Such land will be
intrinsically less productive so, even if farmers have the means and incentive to restore it, a greater
area might be needed to achieve requisite returns. Where productive land has been abandoned for
socioeconomic reasons, such as a lack of infrastructure in remote areas which could be remedied,
recultivation is feasible [128,129]. However, abandoned farmland presents another global narrative, for
it is swathes of such land, in Russia, US, China, Australia, Latin America and elsewhere, that have
inadvertently facilitated a global pattern of reforestation and rewilding [126] that goes some way
towards buffering the effects of deforestation elsewhere [126,130].
Some advocates of farmland conversion in high-income countries like the UK employ primarily
socioeconomic arguments, for example with respect to a scarcity of land for housing in the London
Metropolitan Green Belt (MGB), arguing that the MGB policy is rigid and anachronistic in protecting
all farmland regardless of its environmental value, while constraining suburban gardens which can
harbour more biodiversity [54,131–133]. However, residential land undergoes much sealing and
topsoil removal, while the biodiversity of its gardens, though potentially of great value, is entirely
arbitrary. Farmland, on the other hand, remains largely unsealed and, given appropriate policy
incentives, such as PES, can become more biodiverse and provide greater ecosystem services, as has
been a gradual trend in the UK since the late 1980s [102], and looks to continue with the proposed
new environmental land management (ELM) schemes [134]. Where such authors have a much
stronger case is in criticizing the binary distinction between green belt land, where all farmland is
protected regardless of its agricultural quality, and non-green belt rural land where prime farmland
should be protected but is often developed [132].
The MGB, one of the oldest green belt zones in the world which constrains one of Europe’s largest
cities, is continually under strain from pressure for housing and transit development. In spite of strict
regulations, planning permission is devolved and inconsistent, and much development leapfrogs onto
agricultural land beyond. Similar but younger zones have yet to experience such pressures, but in the
case of the Ontario Greenbelt, for example, this is partly due to an approach which is arguably more
integrated and enlightened, incorporating green infrastructure, principles of environmental, economic
and social sustainability, greater public participation and underpinned by a legal framework, centrally
owned and controlled by the provincial government, yet both robust and flexible [35,131].6 Farmland
preservation in Ontario is not simply a matter of locally ad hoc prohibition in the teeth of fierce
opposition from planners and developers, but is integrated into a holistic policy that includes
agricultural support, local food marketing, employment opportunities, recreation, tourism and
ecosystem services in a regional context [35,131,135].6
The view that urbanization represents economic progress [123] has led many administrators and
politicians, especially in lower-income countries, to embrace urban expansion policies with enthusiasm
[136]. However, at the local level, there are serious concerns, even within government [108], that the
wider implications of farmland loss are increasing food prices and imports, escalating rural poverty,
land degradation and conflict [108,120,121,137–139], as well as the less appreciated impact of soil
sealing [100,108,140], including poor sanitation, flooding and pollution, which disproportionately
affect rural communities [141,142]. Much of the land consumed by urban sprawl is common land on
which many rural communities depend [108]. Developers and officials or agents may benefit from
these transactions [143], but the cumulative negative impacts are felt by the whole community. Those
highlighting these issues include local academics [120,139,144], journalists and blighted farmers taking

A few academics argue that land conversion or degradation may be justified in some cases, on the basis
that the economic benefits may outweigh the environmental costs [147], but despite the best efforts of
environmental economists, such costs remain intangible [148] and often profound. Furthermore, such
benefits are not necessarily sustainable and are ultimately dependent on ecosystem services that
economists have traditionally treated as ‘free’ and, more to the point, inexhaustible [90]. This marketdriven worldview has been strongly criticized for at least 50 years [149,150] and arguably much
longer [151], underscoring what is becoming known as the Anthropocene crisis [152]. Economic
benefits also accrue unevenly and not necessarily in the national interest. The escalating profits from
development can foster an ‘unholy alliance’ between the public and private sector that rewards
elaborate circumvention of the law [105,153] or outright infringements [66,75–77,112,144]. However, it
is also important to appreciate that what may appear to outside observers to be infringements may, in
some cases, simply be the result of longstanding traditions of informal governance or customary
tenure [143,154], or simply a lack of institutional capacity [123].
Mining, energy infrastructure and other forms of industrial land use represent a very small
proportion of the land loss or degradation overall [155], although this is increasing [76] and cannot go
unmentioned because of their extreme impact in some locations. In western Ghana, for example, gold
and diamond mining has had devastating effects on rural communities and natural ecosystems
[156,157]. This activity includes both corporate mechanized extraction and illegal and artisanal handdigging, a form of low-input mining which also provides construction material. These can involve all
three types of anthropogenic threats to soil listed above, going far beyond the loss of land, and
including local water contamination and depletion, illegal logging, extensive soil and subsoil removal
and sometimes violent land disputes. The highly lucrative and largely unregulated context in which
these enterprises operate tolerates and even encourages infringements of the law, from which
corporations operating legal concessions are not exempt [157].

4. The jurisprudence7 of soil and land
4.1. The implementation of soil legislation
There are essentially two components to legally protecting or preserving soil resources: (i) applying a
method of evaluating and prioritizing areas or bodies of soil and (ii) implementing the requisite
(and effective) legal instruments and governance structures. Both of these components exist throughout
the world, but only within a fragmented and, in some cases, theoretical patchwork of initiatives.
Before dealing effectively with the issues of which forms of governance structures or legal mechanisms
might be most applicable to soils, one must consider what criteria to apply. This is essential whether
focusing primarily on specified spatial areas of land or on the functional aspects of soils in relation to
their current status or use. However, preceding even all of this is a minefield of ambiguous terminology
to navigate.

4.2. Semantics and legal terminology
When legal documents and policies refer to the way in which soil is affected by those managing the land
it occupies, and hence the possible harms it may encounter, the word ‘protection’ is the term most widely

7

Jurisprudence here refers to both legal theory and legal systems.
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their grievances to the courts, if they can [143,145]. Social inequalities drive many to facilitate the very
land use changes from which they gain the least, sometimes converting natural ecosystems to replace
what they have lost. There is evidence that appropriate government support reduces farmland sale for
non-agricultural development, and enhances food security and biodiversity [104,105,146] so any
attempt to prohibit or restrict agricultural land conversion, must be accompanied by economic
support and viable alternatives. No amount of legislation or governance will succeed without this.
While all three types of anthropogenic threats to land and soil listed in table 1 above endanger
ecosystem services, from a law and policy point of view, compared to soil degradation and natural
ecosystem protection, agricultural land take is often ‘out of sight and out of mind’.
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used. Many if not most countries have some form of explicit or implicit soil protection policy in place, but
this is more often than not subsumed within other legislative and policy domains, for example, the
environment, agriculture or spatial planning. Soil legislation is commonly sub-divided further into
categories of protection, reflecting the severity of particular problems within a given country or the
gravity attached to the problem by its authorities. For whatever reason, certain soil laws are almost
always framed in negative harmful terms and others in positive or remedial terms. Hence there are
soil pollution or contamination laws, but hardly ever soil erosion laws. Instead, there are soil
conservation laws or occasionally, in a similar vein, soil improvement laws.
Harder to pin down is the terminology applied to the conversion (effectively the loss) of agricultural
or other undeveloped rural land to non-agricultural use which typically incorporates substantial
additions of infrastructure (e.g. housing). In this domain several terms are used, some in the negative
or destructive sense, and others in the positive or protective sense. It can be argued that the term land
conversion, though technically describing the act of change or loss, is neutral, because unlike the
unintended consequences of the harms done to soil, this refers to a deliberate act with an intended
outcome and various beneficiaries.
The many approximate synonyms for rural land conversion with a more negative connotation
include urbanization, urban spread/sprawl/expansion/encroachment, land take/consumption/loss,
long-term land cover change and (in France) artificialization [158]. Other phrases commonly used in
connection with rural land conversion are land competition and fragmentation, of farmland in
particular, because this is one of the ways in which urbanization becomes self-perpetuating [159]. Soil
sealing, the permanent covering of soil, for example by concrete or tarmac, is a phrase widely used in
conjunction with land take, because they typically occur together, but the meanings are distinct. While
land take refers to a change of use which, by definition, usually entails some loss of land resource
from its former use, sealing constitutes a much more permanent and intrinsic alteration of the land
surface, typically with more far-reaching consequences for soil functions, especially drainage and
potentially severe effects on biodiversity [100,160,161]. Nevertheless, land take almost always involves
some degree of sealing, and where it does, that constitutes a double impact—the spatial loss of land
resource and the additional degradation of the ecosystem services that that resource provides in the
round. However, sealing also occurs independently of more general land take, even in highly
protected areas, for instance in the form of roads [160]. There are a few examples of unsealing, as a
form of compensation for sealing elsewhere, but it is notable that these did not equate to total
restoration [162].
On the positive land-saving side of the same lexical coin, the term predominantly used in North
America, and in many countries, is land preservation [163,164], but the terms land conservation or
land protection are used almost interchangeably with it in the US [165,166] and throughout the world.
In most cases, these phrases are applied to specific bounded areas, at various scales, which could
mean a protected zone or alternatively a cluster of holdings, a single estate or even one field. The
expressions ‘no net land take’ or ‘zero land take’, which have appeared in EU documents in recent
years [101,167], are similar in principle, but refer to overall quotas or targets, with the additional
challenges relating to relevant spatial scale and overall quantification. In contrast ‘land sparing’ is
used in juxtaposition to ‘land sharing’, referring to the concept of safeguarding biodiversity, either by
sparing natural lands from agricultural use (land sparing) or by incentivizing farmers to support more
biodiversity (land sharing) [168].
Globally words or phrases used to mean approximately the same thing as land preservation can
sometimes have other connotations. Land conservation has historically been most strongly associated
with nature conservation, in the sense of the land that is not recognized as developed or cultivated
and has some form of protected status. Such land is often threatened by agricultural incursion at least
as much as by urbanization. Land conservation is not necessarily synonymous with ‘soil
conservation’, a term used professionally and more widely to refer specifically to the prevention of
soil erosion with respect to land management practices.
Land protection is often synonymous with land preservation, but in some examples of legislation it is
intended to mean soil protection, that is in situ safeguarding. Soil protection is sometimes intended to
mean or encompass land preservation. These semantic issues may sometimes result from translation
because the full texts of many laws appear only in their original language and script [4]. Occasionally
countries have all-embracing ‘soil protection’ policies which include the concept of spatial land
preservation in context [169,170] or conversely all-embracing ‘land preservation (or protection)’
policies which include the concept of soil protection [5,170]. In some cases, this blurring seems to be
deliberate, such as when land preservation is promoted as a means to protect SES [5,160].

At the root of our current environmental crisis is that humanity has traditionally treated abundant
natural resources as free goods and services. Economists and accountants are no exception: costbenefit analyses include tradeable assets and products, but routinely exclude the ever-present
prerequisites of life. Furthermore, traditional cost-benefit analysis (CBA) is short-termism by definition
because it usually does not even consider impacts outside a 25-year window [171]. When a tonne of
soil or water is traded, the allocated price is normally derived from the aggregate cost of acquisition,
processing and delivery, with no attempt to assess the intrinsic value of the substance. This applies
not only to the soil as an intrinsic good, but also to some extent to its economic potential, i.e. the land
that contains it will have a market value and that value will be related to the land’s productivity, yet
unquantified and uncosted SES have far-reaching economic implications. Even in a society without
monetary currency it would be relatively straightforward to calculate the economic value of a given
volume of soil, in conjunction with the land it occupies, purely in terms of its capacity for lifesustaining primary production; ask any farmer. Although we now have modern techniques to assess
the productive capacity of land resources, a conceptual process of ‘following the money’ has been at
the heart of most farm or settlement emplacement decisions since the Neolithic.
For at least 80 years soil survey and land evaluation have been the traditional tools at our disposal for
assessing the productive and economic potential of an area of land, alongside any limitations or hazards
it may present. A range of soil properties is recorded alongside other local environmental data and,
where appropriate, socioeconomic data. This data are combined to grade the capability or suitability
of each parcel or zone of land according to specified use criteria. The modern terminology of
multicriteria decision analysis (MCDA) is more a change of style than substance, to reflect the much
greater reliance on information technology, especially GIS [172]. In the above approaches ‘criteria’ is
the operative word. Where these methodologies differ from analogous ad hoc historical techniques, is
in their capacity to distil decades of practical and scientific observation to apply much greater
predictive accuracy and precision to the land use decision-making process [173].
Land evaluation is not the same thing as land valuation, though they have always been interrelated
and both are relevant to spatial planning. Land evaluation methodologies were never intended to
calculate the true, i.e. total and holistic, economic value of an area of land or a volume of soil (which
are themselves two very different things), but rather the capability or suitability of distinct parcels of
land for specified forms of primary production, such as crops, pasture or forestry. The purpose is for
land use decisions, albeit often with profound economic implications. The purpose of land valuation,
however, is generally to set prices for landowners and taxes for governing authorities, and has always
primarily been based on location, which admittedly is historically bound up with soil quality and
land use, but with a myriad of other factors too.
In contrast, the soil has always provided a variety of extrinsic benefits beyond primary production
which were recognized and appreciated long before we referred to them as ecosystem services. To
what extent our ancestors valued (or devalued) specific areas of soil or land for reasons other than
primary production, or obvious physical location, is not always tangible, though it is clear that many
indigenous communities have developed deep understanding of, and spiritual connection to, the land
and soil on which they depend [83]. A wider all-embracing appreciation of soil and a few attempts to
evaluate it in that context date from the 1960s [174]. This concept has gathered momentum and, more
recently above all, with respect to C.
While it may seem too neat to earmark the last decade of the previous millennium as a critical turning
point in time, it seems inescapable that this period represented an important paradigm shift in our
collective understanding of the role of soils. The 1990s shines out as a lightbulb moment when soil
science and climate science came together. Although the role of C in the soil has been studied for at
least 150 years and its place in the C cycle appreciated for much of that time, it was only in the 1990s
that a flurry of papers explicitly linked soil C fluxes to GHG concentrations in the atmosphere and
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Pragmatically soil scientists may need to accommodate themselves to the language of policy and spatial
land use planning in order to engage with the process.
Finally, it is important to note that while many legal instruments have been designed specifically to
protect only prime (i.e. highly productive) farmland, this is not always the main driver of land
preservation or protection, which may prioritize other factors such as landscape, heritage or SES. In
this article, this distinction is highlighted by using the term prime farmland preservation (PFP) where
appropriate.

4.4. Categories of soil governance
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Juerges et al. [65] summarize the types of instruments applied to soil governance (i.e. regulatory,
economic and so on) and the levels at which these operate, from global to local. In this section, we
present a very different cross-cutting breakdown, based on issues and intended outcomes. One can
identify three broad categories of governance approaches applied to preserve or protect soil or land,
usually at a national or subnational level, with various implementation mechanisms, set out in table 2
and elaborated further below:
The first category comprises regulations and laws to prohibit (or guidance to discourage) certain actions
by landowners that may degrade land, e.g. pollution, sealing, construction, stubble burning, tree felling,
or cultivation methods leading to soil erosion, acidification, salinization, compaction and so on; whereby
best practice may be either:
(a) Enforced by penalties for infringement or
(b) Facilitated by financial support, e.g. farming subsidies, PES or C credits
The second category comprises restrictions (or guidance) on development involving conversion of use, either
to protect terrestrial natural resources (for the benefit of any or all of primary production, watershed
management, biodiversity, landscape or cultural or historical value) or simply to retain a certain quota
of agricultural or forested land within a state or designated region; whereby land conservation or
preservation may be:
(a) Enforced by laws based on zoning, e.g. National Parks, nature reserves, green belt, urban growth
areas, sites of special scientific interest (SSSI) and heritage landscapes such as the UK Areas of
Outstanding Natural Beauty (AONB) or UNESCO World Heritage Sites;
(b) Enforced by more general laws (or encouraged by guidance) not specific to the protected areas
described in 2(a), based on ad hoc site evaluation, such as an environmental impact assessment
(EIA), and thereby affording protection to sites of ecological or landscape value, or prime
farmland (e.g. based on ALC or LESA criteria);8
(c) Enforced by the public acquisition of land, such as land trusts;
(d) Facilitated by financial support, e.g. using LESA to obtain purchase of development rights (PDR)
conservation easements (US).
The third category encompasses generic incentives to preserve land or to enhance its ecosystem services
value (or disincentives to develop, such as the removal of subsidies), in the form of:
(a) Taking land out of agricultural production, purely for the purpose of conservation, e.g. EU set-aside,
US land retirement, rewilding;
(b) Converting an area of intensive agricultural production (arable cropping) to more extensive
agricultural production (such as pasture, silvopasture or agroforestry) or forestry;
(c) Declining to develop or intensify the use of uncultivated land that could otherwise be legally
developed or intensified, in order to maintain ecological or ecosystem services value.

8

A legally binding example is the Indian Prohibition on Conversion of Agricultural Land for Non-Agricultural Use (no. 16 of 2010).
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climate change [175–177] which, after several decades of growing evidence, had started attracting
worldwide media attention since 1988 [178].
At the onset of the new millennium soil scientists have more than ever before started to deconstruct
and articulate the critical importance of SES [179,180]. Experts on soil law have responded accordingly,
emphasizing that the value and status of soil far exceeds its role in agriculture [181]. Taking this a step
further, several groups of researchers, building on earlier attempts to evaluate ecosystem services [182]
and characterizing soil as a form of natural capital, have developed tentative frameworks and
quantitative methods to enumerate and evaluate SES in the fullest sense [183–187], sometimes using
case studies to apply monetary values [188]. To what extent this is entirely feasible or even desirable,
is debatable [174], especially with regard to qualitative or ethical issues, but such approaches may
help policymakers and planners apply more meaningful criteria and priorities to the governance of
soil and land protection.

Table 2. Categories of governance approaches and mechanisms to preserve or protect soil or land.
description

1

regulations to prohibit (or guidance to discourage) certain actions
(a)

—enforced by penalties

(b)

—facilitated by ﬁnancial support
restrictions on development involving change of use

(a)
(b)

—enforced by zoning laws
—enforced by laws (or encouraged by guidance) based on ad hoc site evaluation

(c)
(d)

—enforced by public acquisition of land
—facilitated by ﬁnancial support

3

generic incentives to preserve land or to enhance its ecosystem services value
(a)
(b)

—taking land out of agricultural production
—converting intensively farmed land via intensiﬁcation

(c)

—declining to develop land or intensify its use

4.5. Overlapping categories
The above categories are presented as a useful framework for the analysis of soil governance. There are of
course many instances of overlap. For example, regimes that are not targeted specifically at soils can still
fall within the categories above. There are also numerous cases where soil governance instruments span a
number of the mechanisms listed above. The examples below illustrate these points.
Environmental impact assessment (EIA) of projects, strategic environmental assessment (SEA) of
plans and programmes, and related types of assessment, may apply to some of these categories,
especially categories 2(a) or 2(b), and can be helpful in drawing attention to threats to natural
resources, but there can be limitations in their application to soils. In the US, for example, EIA is
applied primarily for federally funded projects (T. Daniels (Professor of City and Regional Planning,
Weitzman School of Design, University of Pennsylvania) 2020, personal communication) which is
partly why the NRCS developed the LESA system for smaller projects targeted at farmland. In the
UK EIA is more widely applicable, but generally only where part of the area intended for
development is uncultivated or only partially cultivated and hence might not be invoked where only
arable land is at risk [189]. EIA regulations vary slightly in Scotland, however, where the site being
assessed may consist exclusively of farmland where it exceeds 200 ha. The Scottish EPA also provides
specific guidance on the application of SEA to soils [190].
The broad North American planning term land preservation covers many of these categories with the
main focus on zoning [163,191]. Every state and city has its own subset or version of land preservation
laws and regulations which are varied and complex. One example is a ‘conservation easement’ whereby
a landowner is bound by a covenant set by the government or some other organization and in return
receives an incentive, such as a tax rebate; this could fall under categories 1(b), 2(d) or 3(a–c).
Apple Valley City, Minnesota has adopted a natural resources management plan (NRPM) which
essentially constitutes a 2(b) type mechanism via a permitting system, but incorporates elements of
1(a) because it could apply to a single aspect of a development. It differs from most local planning
laws and regulations by applying the broad principle of environmental impact to every development
[192].
There is an interesting example of environmental scientists trying to set a legal precedent as
expert witnesses in a 2(b) type scenario in New Zealand in 2011, using soil natural capital and
ecosystem services arguments to prevent urban development on horticultural land. The lawyer
representing the developer argued that the only measured ecosystem service of this soil was food
production. The judge, while declining to engage in the natural capital debate, nevertheless
upheld the local authority decision not to allow development in favour of the ‘holistic’ argument
to protect natural resources which, from the point of view of the scientists, came to the same
thing [193].
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5.2. Emergence of soil in modern international law and policy
The 1968 African Convention on the Conservation of Nature and Natural Resources (the ‘Algiers Convention’)
was a continent-wide treaty devoted to natural resource protection that included a reference to the soil.
Although it lacked the resources and institutional framework to be particularly effective, the Algiers
Convention was nevertheless regarded as a milestone in international environmental law [196]. At
around the same time FAO was publishing several of its soils bulletins every year, including two
landmark studies in 1971, on land degradation [197] and on legislative principles of soil conservation
[198]. The latter was a relatively concise set of guidelines that any nation could use as a template for
creating or improving its own legal framework for governing soil. The 1972 UN Conference on the
Human Environment (UNCHE) in Stockholm was effectively the first major international conference
on environmental protection and sustainable development, and has been referred to by Boer et al. as
marking the: ‘…first phase of international soil protection law’ [199,200].
In 1972, the Council of Europe created and adopted the European Soil Charter, a concise but relatively
holistic set of soil protection aspirations [201] which was non-binding, but regarded nevertheless as the
first international legal instrument dedicated specifically to protecting soils [199,202]. In 1977, the UN
held its first Conference on Desertification (UNCOD), and produced its Plan of Action to Combat
Desertification (PACD) [203]. In 1981, FAO adopted the World Soil Charter [204] and in 1982 UNEP
developed a global soils policy [205] and the IUCN/UN World Charter for Nature explicitly referenced
soil [206].

5.3. Soil as a feature of common concern
In 1987, the UN commissioned the Brundtland report, Our Common Future, which reinvigorated the
debate, again stressing the severity of soil degradation, and annexed a summary of proposed legal
principles for environmental protection and sustainable development [207]. In order to address these
issues financially, in 1991 UN agencies and the World Bank created the Global Environment Facility
(GEF), as a prerequisite for the 1992 UN Conference on Environment and Development (UNCED) or
Rio Earth Summit [208], a milestone event. From this emerged the UN Commission on Sustainable
Development (UNCSD) and three legally binding international treaties: the 1992 UN Convention on
Biological Diversity (CBD) [209], the 1992 UN Framework Convention on Climate Change (UNFCCC) [210]
and the 1994 UN Convention to Combat Desertification (UNCCD) [211], which came into force in 1993,
1994 and 1996, respectively (the Rio Conventions). There was appreciation of the interrelationships
linking all three conventions to land degradation [212], but funding for the latter was mainly tied to
the UNCCD which was always the weakest and poorest of the three due to donor scepticism [52]. The
UNCCD has been called the first and only ‘legally binding global agreement directly dealing with the
promotion of bio-productive land’ [199], although it contains little in the way of substantive
obligations, and formally applies only to ‘arid, semi-arid and dry sub-humid areas’ [213].
Nevertheless, UNCCD is gaining momentum as a focal point for efforts to address the global land
degradation neutrality (LDN) target [203,214].
The interconnected nature of different environmental problems, as well as their linkages to
socioeconomics and SLM, was taken a step further at the 2012 UN Conference on Sustainable
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While the piecemeal governance of soil use is almost as old as human history, formal supranational
global oversight of soil resources is only approximately 50 years old. In terms of the natural
environment, the early 1970s stand out as a period when national policies, international initiatives and
academic analyses of global problems coalesced in an unprecedented step change in attitudes; 1970
saw the conception of Earth Day, initially in the US but later worldwide, and consequently the
creation of the US Environmental Protection Agency, an institution which also became replicated
worldwide. In 1972, the Club of Rome think tank, published the highly influential Limits to Growth,
with its prediction of societal collapse in the twenty-first century, and frequent references to soil
degradation [194]. This period also saw the emergence of multidisciplinary stakeholder groups joining
forces for sustainable development [195].
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At the regional level the Algiers Convention was revised in 2003 to become the Revised African Convention
on the Conservation of Nature and Natural Resources (Maputo Convention), but only entered in force in 2016
[230]. In 1998, the Alpine Soil Protocol was the first legally binding treaty expressly devoted to the soil,
entering in force in 2006 [231]. For both the Maputo Convention and the Alpine Soil Protocol,
implementation has not yet matched aspiration, but both serve as useful focal points for awareness
raising regarding soil conservation, management and best practice. The ASEAN Agreement on the
Conservation of Nature and Natural Resources, signed in 1985, included an article specifically on soil,
but it has never come into force [199].
The Council of Europe revised the European Soil Charter in 2003 to become the Revised European
Charter for the Protection and Sustainable Management of Soil [232]. In contrast, in the European Union,
agreement on a soil instrument resembles a triumph of hope over experience. In 2006, the European
Commission presented its Thematic Strategy on Soil Protection and presented a Proposal for a Soil
Framework Directive to place healthy soil on a par with clean water and air [233]. The proposal was
9

According to the SJR International Science Ranking website China ranks second only to the US in soil science (https://www.
scimagojr.com; accessed 28 April, 2021).
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Development (Rio + 20). The UNCCD brought the concept of zero net land degradation (ZNLD) for
adoption at Rio + 20, reflected in the outcome document, The Future We Want [203], and this later
became embedded into the 2015 SDGs as the global LDN target in SDG 15.3 [203,215]. Land
degradation was finally being acknowledged as a global problem that was intrinsically linked with
climate change, biodiversity loss and poverty. The concept of ZNLD/LDN was that every effort should
be made either to prevent further degradation or, where this is not possible, to rehabilitate equivalent
areas of degraded land elsewhere [215]. The importance of land and soils is gaining more prominence
in the context of the CBD [209], the UNFCCC [216] and related Paris Agreement [217]. The parties to the
CBD have addressed soil biodiversity via an international initiative [218] and a global report [219]. It
remains to be seen how soils will be reflected in the Global Biodiversity Framework to be adopted by
the CBD COP 15, currently re-scheduled to take place in China (in phases spanning 2021 and 2022)
especially given China’s rapid advance in the field of soil science.9
At its first Plenary Assembly, at the FAO Headquarters in Rome in June 2013, the Global Soil
Partnership (GSP) created the Intergovernmental Technical Panel on Soils (ITPS), made up of 27 soil
experts representing all the regions of the world. [73]. The GSP also proposed 2015 as the International
Year of Soils (IYS) and the annual observance of a World Soil Day (on 5 December), both of which were
adopted at the 68th UN General Assembly later that year [220]. Under the auspices of the GSP the
Revised World Soil Charter [221] was adopted by FAO members in 2015, and the Voluntary Guidelines for
Sustainable Soil Management (VGSSM) [222] were endorsed by the FAO Council in 2016.10 The work of
the ITPS, UNCCD Science-Policy Interface (SPI), IPBES, the IPCC, and in particular the publication of
the 2015 Status of the World’s Soil Resources [73], the 2017 Scientific Conceptual Framework for Land
Degradation Neutrality [223], the 2018 Global Land Degradation and Restoration Assessment [77] and the
2019 Report on Climate Change and Land [51], by each, respectively, stand out as key influences in the soil
governance narrative. The significance of the science-policy interface is increasingly important in
determining the scope and extent of legal obligations [224].
In 2015, to coincide with UNFCCC COP21, the French government issued a bold entreaty to the
global community to raise average soil organic C (SOC) levels by 0.4% (the ‘4 per mille Soils for Food
Security and Climate’ initiative), to offset annual global C emissions into the atmosphere, as well as
improving food security [225,226]. The choice of SOC as the target was fundamental and twofold,
because it represents both a means of accumulating and sequestering atmospheric C, and the most
widely accepted measure of soil health or productivity. The 4 per 1000 Initiative, to which many
countries have signed up, has succeeded in highlighting the critical role of soil and agriculture in
climate change mitigation and adaptation. There has also been criticism [227], especially of the
feasibility of the initiative and underpinning data. While the authors have defended the science, with
caveats, they also stress that 4 per 1000 was never intended to be a precisely calculated solution, but a
positive, politically driven and symbolic aspirational target [228]. Other soil scientists agree with
them, judging that the initiative would be a technically feasible, ‘no-regret’ and indispensable climate
action [229].

All countries have signed up to the seventeen SDGs [237]. Land and soil have profound relevance for
most, if not all, SDGs, though only a relatively small number of SDG targets make specific reference
to them [237,238]. In particular SDG2: Zero hunger, aims in target 2.4 to ensure sustainable food
production systems and resilient agricultural practices that increase productivity and production, help
maintain ecosystems, strengthen capacity for adaptation to climate change, extreme weather, drought,
flooding and other disasters and progressively improve land and soil quality; and SDG 15: Life on
land, aims to protect, restore and promote sustainable use of terrestrial ecosystems, including in target
15.3 combatting desertification, restoring degraded land and soil, and striving to achieve a land
degradation neutral (LDN) world. SDG targets 3.9, 6.4, 6.5, 12.4 and 14.1 also have particularly
obvious direct relevance to soils. [238], and land and soil are fundamentally related to many other
SDG targets and indicators, including those for SDG 13 on urgent climate action. While the SDGs
themselves are not-legally binding, they do in some respects echo or amplify existing and emerging
binding international commitments.

5.6. National soil legislation
Last year FAO and UNEP jointly published a key document, which is candid in its acknowledgement
that implementation of international commitments can be difficult to enforce and monitor, especially
when they are purely aspirational rather than legally binding [214]. The report provides many
examples of innovative and progressive legislation in relation to land and soil, though questions still
remain in relation to enforcement [68]. On a global scale the most urgent action needed may relate to
category 2(a) in table 2—restrictions or guidance on development involving conversion of use, to
protect terrestrial natural resources and enforced by laws based on zoning, e.g. National Parks, nature
reserves, etc. to address issues such as deforestation in Amazonia or Southeast Asia. The instruments
to regulate this type of anthropogenic threat are relatively straightforward and consistently defined
across the world, but the obstacles are political and socioeconomic. This is also true of other existing
laws that directly or indirectly protect soil, the success of which require that entrenched power
imbalances are challenged [64].
Lack of enforcement and governance on the ground remain serious obstacles throughout much of the
world. See, for example, the studies referenced at [66,89,92,112,114,120,144,153,239,240]. Those ten
studies cited, merely a subset of many more, draw on a range of data for their evidence, in addition
to literature reviews, including land use and land evaluation records, census and demographic
statistics, case studies, planning and legal decisions, stakeholder interviews and, perhaps most telling
of all, spatial remote sensing of land use change, using GIS software tools such as CORINE.
Nevertheless, the process of enacting soil and land legislation is ongoing and ubiquitous, and reflects
each country’s circumstances and priorities. China, for example, with possibly the greatest absolute
area of contaminated soil on Earth [241–243], as well as a long history of soil erosion [8], has separate
soil laws to address both of these problems.
Table 3 presents a condensed numerical summary of derived categories of soil-related legal
instruments, presented as approximate percentages of countries that have created or adopted such
instruments (as detailed in Methods above). It is evident that soil and land protection laws are
conspicuous by their relative absence worldwide. Environmental legislation is not specifically
recorded here but, for comparison, it has been almost universally adopted. It is also conspicuous from
the data below that for many countries the word soil would be entirely absent from their legal
portfolio were it not for such environmental legislation.

5.7. Prime farmland preservation (PFP)
The data presented in table 3, along with our literature review, leads the authors to conclude that one of
the most serious failings with respect to the ambiguity or absence of legal instruments relates to what we
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eventually withdrawn in 2014, because five-member states were not willing to agree to strengthened EUwide legislation addressing soil sealing and liability for contaminated land [234]. A new EU Soil Strategy
is planned for adoption in 2021 as a key component of a European Green Deal (EGD), aimed at making
Europe the first climate-neutral continent by 2050 [235]. The European Parliament has called for a
binding legislative framework for soils. [236]

18

countries (%)

explicit soil policy

7

soil conservation/erosion law(s) [explicit/explicit + implicit]

34/79

soil contamination/pollution law(s) [explicit/explicit + implicit]
soil sealing law(s) [explicit/explicit + implicit]

27/65
3/27

generic or other soil protection law(s) [explicit/explicit + implicit]
soil protection monitoring and/or targets [explicit/explicit + implicit]

28/71
21/47

reference to soil embedded within environmental legislation
reference to soil embedded within agricultural or land rights legislation

88
72

reference to soil embedded within spatial/regional planning legislation

50

(b) legal instruments to preserve agricultural land
policies designating zoning, including rural and/or agricultural land

35

policy advocating land take avoidance
land take targets

24
9

legal framework to facilitate farmland preservation schemes

19

PFP guidance based on soil or land classiﬁcation
law prohibiting or strongly restricting loss of all prime farmland

27
21

land degradation neutrality (LDN) policy (commitments)

66

(c) soil-related agro-environmental policies
policies promoting organic or regenerative agriculture, agroecology or PES
policies referring speciﬁcally to the critical ecosystem services of soils

40
15

have termed category 2(b) in table 2, that is land take outside protected areas. At most risk and of most
concern is the conversion of high quality or prime farmland, which is usually afforded far less protection
than natural ecosystems, or none at all, yet can sometimes provide equivalent, or even greater, ecosystem
services. This is an important and often misunderstood point that cannot be overestimated. It is easy to
fall into the trap of assuming that agricultural land cannot provide environmental benefits comparable to
those of natural ecosystems, especially when based on current land management practices, but this
certainly does not reflect the intrinsic value of such land nor necessarily even its existential value [244].
Land which is densely covered in vegetation, with undisturbed topsoil, will tend to store more water
and C, and foster greater biodiversity, but the principle reason land becomes prime farmland is its highly
valued ecosystem attributes: low altitude and gentle gradients; deep soil with favourable texture and
structure that retains water, nutrients and C; benign biochemistry; and a favourable moisture regime
that is not susceptible to extremes of drought or waterlogging. These are the desirable attributes that
facilitate not just food production, but terrestrial life in general, which ecologists assess in aggregate as
NPP. As crude as it might be in some respects, especially in relation to cultural or scientific value,
NPP is widely regarded as one of the best proxy measures of total ecosystem service contribution
[245]. In contrast to this, many of the varied soil landscapes that currently support natural ecosystems
can be biologically marginal, exhibiting low NPP. Even putting aside the utilitarian criterion of
agricultural potential, these peripheral zones can also be limited with respect to a range of critical
ecosystem services, including in terms of the biodiversity they support.
Prime farmland is not usually an obvious candidate for voluntary conversion to natural regeneration or
rewilding, but high-grade arable land, even in its cultivated state, can provide abundant benefits in terms
of flood control, water storage and filtration, wildlife habitat, landscape value and recreation. However,
and critically, such benefits are greatly affected by land management. The negative impacts of modern
intensive farming, on the soil in particular, such as compaction, erosion, pollution and reduced SOC,
are precisely the factors that undermine the ability of the soil to provide ecosystem services [246,247].
One very welcome trend in recent decades has been to roll back many of these harmful methods. A
range of techniques that are loosely grouped under the term of conservation, or regenerative, agriculture,
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Table 3. Proportions of countries with soil-related legislation.

Amundson [251] sums up soil governance in the US as a complex patchwork of transient interventions, as
opposed to long-term solutions. Other authors describe comparable situations elsewhere, for example, in
the EU [252,253], in South America [254], in Australia [255], in Russia [256] and in other examples already
cited in this article. Fromherz summarizes many of the existing soil governance initiatives, as well as the
failures, and makes an impassioned appeal for a dedicated, legally binding international soil
governance instrument on the basis that, ‘…individual states lack both the power and the incentives to
make these changes.’ [257]. This has been echoed by others [181,200,236,258]. Fromherz also highlights
a key point alluded to already in this article, the low profile (literal as well as metaphorical, one could
say) of soil, which is often conspicuous in its absence from risk assessments of other natural resources
[259,260]. Gonzalez Lago et al. refer to a global soils policy vacuum and call for an urgent
transdisciplinary framework approach to ‘re-politicize’ soil [261], while a number of authors and
institutions highlight the degree to which soil protection is inescapably enmeshed with ethics [262].
Participatory modelling and conceptual frameworks have been applied to complex cross-cutting problems
such as addressing the SDGs, and these approaches continue to evolve [263]. The latest stages in the process of
soil governance so far, in the last decade, are encouraging to some extent, at least with regard to what soil
scientists are bringing to the table. An overarching conceptual framework that has been proposed by some
of the world’s leading soil scientists, broadly as a memorandum of understanding, is ‘soil security’ [264].
This concept has five dimensions: capability, condition, capital, connectivity and codification, which
encompasses the translation of soil knowledge into policy and legislation [265], e.g. aimed at achieving the
SDGs [266], although an attempt to establish soil security as one of the SDGs was unsuccessful [267]. The
soil security initiative is still at a high level, with the emphasis on policy rather than active governance, but
progress is being made and reported on in some areas [268].
Also emerging are more formalized frameworks that place the concept of SES further than ever in the
context of socioeconomic decisions, policy-making and governance. One such methodology developed
and tested in Switzerland is SQUID (Soil QUality InDicator), an index for mapping soil quality with
respect to SES, to guide spatial development [187]. Another example from New Zealand is the Land
Resource Circle (LRC) framework, which goes further than any other approach known to the authors
in extending land evaluation to incorporate SES. The framework identifies in-depth environmental
and socioeconomic implications of land-use decisions via a scoring system which avoids reducing all
outcomes to simplistic monetary values [269]. A recent LRC paper includes a very detailed
hypothetical example which indicates how quantified soil variables can be combined and converted
into societal costs and benefits. By contrast, the resilience–effectiveness–efficiency–legitimacy (REEL)
framework from Germany provides a purely qualitative means of comparing different approaches to
soil governance according to the four criteria (dimensions) embedded within its title [270]. The REEL
framework also highlights interconnectedness and attempts to address situations where policy targets
mismatch the causes of problems, either spatially or in terms of scale or even time. This is almost a
meta-framework, with the emphasis on socioeconomics and due diligence.
As with other forms of natural resource governance, politics and socioeconomics are often obstacles
to effective soil governance, as are weak governance structures, but a critical distinction in relation to PFP
is that there is much scope for creating more effective legal instruments to tackle this problem than
currently exist in most countries, and also for improving clarity and consistency to bring PFP further
in line with ecosystem and soil protection.

6. Conclusion
An appreciation of the tangible benefits of soil is woven into the fabric of history and reflected by the value
and protections afforded to productive soil by society over millennia. Such protections include legislation,
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agroecology or even ‘carbon farming’ are increasingly being promoted and applied in many countries
[78,248–250]. Included within this approach are minimum or zero tillage, permanent soil cover, crop
residue retention, cover cropping, intercropping and enhanced rotations including, for example, deep
rooting ‘tillage crops’, leguminous leys and rotational livestock grazing, agroforestry and other forms of
mixed cropping, perennial crops, integrated pest management (IPM) and biological control, and many
other ways of conserving and enhancing soil quality and, by default, ameliorating environmental
impacts. Hence, our advocacy of PFP is proposed in tandem with the adoption of such methods.

considerable contributions to the text, especially in relation to soil law, and performed much editing.
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but ad hoc, inadequately enforced and rarely if ever proportionate to the total SES. Two challenges identified
as hindering progress are terminological obstacles associated with soil and land, and the absence of a soilcentric policy framework. Moreover, soil exists as a component of land that is subject to both extra demands,
e.g. of food production, and competing demands, such as urbanization. Agriculture has responded to these
demands by expansion and intensification, each approach posing threats to soil, the former often
encroaching on natural ecosystems and the latter fostering soil degradation. These threats have spawned
national and international legislation. However, the problem of land take, in particular the conversion of
prime agricultural land to non-agricultural use, including largely irreversible soil sealing, is arguably at
least as serious a threat as intensification because of the disproportionate loss of SES this represents, yet
tends to be relatively inconspicuous, and subject to ambiguous legislation and governance.
Threats to natural ecosystems are explicitly addressed by environmental laws, and to soil degradation
by agricultural or soil-specific laws. A few of these laws have been in place for centuries and more have
appeared in recent decades as global environmental awareness has grown; but neither environmental nor
agricultural legislation normally encompasses the loss of prime farmland, the fate of which then tends to
fall within the remit of spatial planning. Planners’ procedures must navigate many competing demands
and interest groups, political as well as economic, and rarely prioritize soil or its intrinsic value to future
generations. As a result, legal instruments that are frequently designed with little, if any, reference to soil,
often have the greatest power to transform soil and land use. This situation is further compounded by the
fact that intense commercial pressure along with conventional economics, which has traditionally
ignored the benefits of long-term ecosystem services, promotes land use options that are more
profitable than farming.
In a time of so much environmental concern, a further paradoxical factor that has emerged in the last
half-century to weaken the case for farmland preservation (as opposed to soil protection per se), is the
conflicted nature of agriculture: on the one hand the producer of our sustenance and custodian of
rural landscapes, while on the other, a significant cause of environmental harm and climate forcing.
Lacking both the visual impact and the iconic status of natural landscapes, soil in an agricultural
context does not constitute an obvious rallying point in the public consciousness and so the constant
attrition of prime farmland occurs in something of a legal and ecological grey area, attracting far less
attention than other environmental issues.
However, the case for protecting soil as a critical part of our natural capital is separately gaining
ground. A key paradigm shift occurred in the 1990s when it became more widely appreciated that soil
C is inextricably linked with atmospheric C. This development also approximately coincided with a
broader gradual acceptance that land degradation was interrelated with climate change and biodiversity
loss. This view of soil as a central component in limiting global warming, adapting to climate change
and addressing the ecological crisis, is being framed unequivocally in the wider context of sustainability
and the linking of science to policy. Emerging multidisciplinary frameworks, such as the concept of soil
security and methodologies for holistically evaluating SES, contribute to this process.
Politicians and activists are calling for ‘green new deals’ to emulate Roosevelt’s New Deal following
the Great Depression, but with an emphasis on climate justice and ecosystem restoration. This
encompasses sustainable land use, by default, and important components of that must be soil
protection and land preservation, consistent with climate justice, including the attendant social and
economic incentives necessary to achieve local and global climate goals, biodiversity objectives and
food security. Profound reform can reach a tipping point when society perceives a binary moral
choice that serves the common good. Two successful examples of global co-operation of this kind
were the signing of the Montreal Protocol in 1987 to protect the ozone layer, and persuading the global
community to reduce GHG emissions in the Paris Agreement, though hard-won and far from over.
Ginzky [271] cites other examples and, despite poor progress to date, suggests that a binding
international treaty on soils is both necessary and achievable.
Clearly, a lack of effective soil governance is often more significant a problem than an absence of legal
instruments. The lesson here, for saving our soil, is to strive for a clear message, backed up by consistent
policies and laws, and sound criteria to decide how to prioritize soil types or areas of land. This alone cannot
solve the vast problem, but it will make the process more streamlined and more transparent, and facilitate
governance for those who genuinely want to govern, and make infringements that bit more difficult to effect
and pass unnoticed. The urgent need is to couple a compelling case with an achievable solution.
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