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1.	Introduction

There is an unprecedented interest in nature-based solu-
tions for climate change mitigation and adaptation. But 
something very important is often missing from discussions 
of such solutions: the role of healthy soils. As habitats for 
plants and animals, as regulators of climate and water, and 
as the foundation of terrestrial ecosystems and the vast 
majority of our food production, soils are critical to all 
ecosystem services – including those that humans depend 
on for survival. 

Yet soil health is in jeopardy in many parts of the world, 
depleted by decades of industrial agriculture and land 
degradation, and further threatened by climate change. One 
third of the earth’s land is already degraded. This degraded 
land is home to about 3 billion people.2 At the same time, 
healthy soils can boost resilience to climate shocks and 
increase species diversity both above- and below-ground, 
making them a critical element of policies and practices 
for climate change adaptation and mitigation, biodiversity 
conservation, water resource management and sustainable 
development.

But while soils are clearly relevant to many areas of interna-
tional concern, they have been invisible until recently. For 
decades, soil degradation and the importance of sustainable 
soil and land management received little attention. Only in 
the last few years has the importance of soil quality become 
increasingly acknowledged by practitioners and policymak-
ers. During the International Year of Soils (2015), the Food and 
Agriculture Organization of the United Nations (FAO) and 
the Intergovernmental Technical Panel on Soils released an 
important report on the status of soils.3 More recently, aware-
ness of the connection between sustainable development, 
food security, climate change, biodiversity and soil has started 
to gain ground, as seen in a growing number of international 
strategies, policies and initiatives. However, there is still a lack 
of attention to the critical role healthy soils play in almost any 
terrestrial ecosystem-based approach. There is also a need 
to make the connections between soil health, biodiversity 
and climate change more explicit, and to develop integrated 
policies at national, regional and international levels. 

Now is a critical time to examine the intersection between 
healthy soils and other global goals, as well as relevant 
nature-based solutions that can create ‘triple wins’ for 
people, climate and nature. With less than a decade to meet 
the United Nations Sustainable Development Goals (SDGs), 
governments must scale up efforts to improve both the state 
of the environment and human well-being. 

Agricultural systems play a key role in the implementa-
tion of the SDGs and other international agreements on 
climate change, biodiversity and many other topics. But 
they are also severely affected by the increasing impact of 
climate change. The need to adapt farming systems to make 
them more resilient is paramount to achieving global food 
security and sustainable food systems. Ecosystem-based 
approaches can significantly contribute to this. But in order 
to leverage the potential of ecosystem-based adaptation 
(EbA) in agriculture, we need to look below the surface – 
into the soil. 

The goal of sustainable agriculture is to significantly reduce 
negative impacts on ecosystems and make agricultural 
systems more resilient to climate change, while meeting the 
growing demand for healthy food. Soil management is the 
central factor that determines whether agroecosystems can 
continue to deliver sustainable yields for future generations 
or whether their resources will be overexploited, disrupting 
ecosystem services and generating immense downstream 
societal costs. But not all sustainable farming approaches 
promote soil health – and thus ecosystem health – equally. 

This guidebook aims to demonstrate the importance of sus-
tainable soil management (SSM) for adaptation to climate 
change, biodiversity conservation and the achievement of 
long-term food security. By adopting nature-based solu-
tions such as ecosystem-based adaptation (EbA), farmers 
can dramatically increase their productivity while adapting 
to climate risks. 

The multiple roles of soils often go unnoticed. Soils don’t have a voice, and  

few people speak out for them. They are our silent ally in food production.

José Graziano da Silva, former Director-General of FAO, 20141
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But what does EbA mean in relation to soil? Which tech-
niques are truly sustainable and how can they be imple-
mented? These and other questions are addressed in the 
following chapters.

Chapter 2 describes the key functions of soils, highlighting 
the importance of soil health to various ecosystem services. 
Chapter 3 examines the linkages between soil and climate 
change, looking at both the impacts of climate change on 
soils, as well the potentials of soils for climate change miti-
gation and adaptation. Chapter 4 explores different land and 
soil management approaches and their capacity to make 
agriculture more climate resilient. Chapter 5 turns to the 
political sphere, providing an overview of current initiatives 
to raise the profile of soils in international and national 
arenas. And finally, Chapter 6 discusses the importance of 
soil governance, including challenges and what is needed to 
enable sustainable soil management at scale.

Box 1. Nature-based solutions and 
ecosystem-based adaptation

The International Union for Conservation of Nature 
defines nature-based solutions (NbS) as: “actions to pro-
tect, sustainably manage and restore natural and modified 
ecosystems in ways that address societal challenges effec-
tively and adaptively, to provide both human well-being 
and biodiversity benefits. They are underpinned by benefits 
that flow from healthy ecosystems and target major 
challenges like climate change, disaster risk reduction, food 
and water security, health and are critical to economic 
development”.4

NbS encompasses a broad spectrum of ecosystem-based 
approaches that hold the potential to address the inter-
linked multifaceted environmental crises and broader 
societal challenges affecting humanity today. ‘NbS for 
adaptation’ focus on building resilience to the impacts of 
a changing climate, including drought, floods and extreme 
weather events. Another term for NbS for adaptation 
is ecosystem-based adaptation (EbA), which entails the 
conservation, sustainable management and restoration of 
ecosystems as part of an overall strategy to help people 
adapt to climate change. 

According to the United Nations Environment Pro-
gramme, EbA is: “a strategy for adapting to climate 
change that harnesses nature-based solutions and ecosys-
tem services. For instance, protecting coastal habitats like 
mangroves provides natural flood defences; reforestation 
can hold back desertification and recharge groundwater 
supplies in times of drought; and water bodies like rivers 
and lakes provide natural drainage to reduce flooding”.5

Photo: Maren Barbee / flickr

https://www.flickr.com/photos/27781737@N05/25652412267/in/photolist-oDjdSp-29paVsS-oGXjA4-24JWi3R-UfHtsC-buH2id-4vrRn9-ooGmRk-24FbWyE-VhNHrs-omRfQr-VxofTt-2jZnhS1-omRc99-oBjqv7-bHoKEr-21YV2Xb-5CuCTh-Vkdyrx-cqRuby-24F7f2L-rq99a1-bo4yb2-24F7hC7-F5Pjs8-fb54Xk-F5PGPc-21YXgHd-2hyNUgW-UfHuF9-21YUVko-24JRJ8a-cqRtz5-cqRt6Q-oEUJ78-UfHttQ-sn9tfg-DYPNeo-bm6XbV-GBbjwh-GB8Ksq-oD7pTW-bo4qUp-UXceau-UfHssS-3eZMhJ-2hyb4EJ-cqRsyL-bm6VkZ-bm6mhB/
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2.	Soils as ecosystems

As highly complex ecosystems, soils are biodiversity hot-
spots. They represent an essential resource for life, both 
plant and animal. As the second largest carbon sink after 
oceans, soils store more carbon dioxide than all biomass 
above ground, including forests.6 They strongly influence 
the local climate by enabling the growth of vegetation, 
which in turn has a major influence on evaporation, local 
temperature and rainwater retention. Soils provide us with 
some of the most important elements for survival – food 
and fodder – as well as the raw materials required for a wide 
array of other products. Without soils’ purification function, 
we would not have clean drinking water.

Soils are not static but dynamic, formed when rocks are 
transformed by the climate and by plants, animals and 
microorganisms. Processes like weathering, new mineral 
formation, decomposition, accumulation of humus, forma-
tion of soil structure, and the movement and transforma-
tion of soil substances take place over long periods of time; 
most of Earth’s soils developed in the last hundred million 
years. Depending on the parent rock and conditions (such 
as temperature and humidity), it can take between 20,000 
and 200,000 years for one metre of soil to form. On a human 
timescale, soil cannot be considered a renewable resource; 
in fact, it is scarce. Only 12% of the planet’s land surface 
is suitable for intensive farming, with a further 22% being 

suitable for limited agricultural use; the rest is desert, tundra 
or wetland (Figure 1). The percentage of arable land cannot 
be increased, which is why soil degradation poses such 
a major threat. Each year, 12 million hectares of land are 
degraded due to unsustainable use, adding to the 2 billion 
ha that are already degraded.7 Wherever soils are eroded, 
they are lost forever. Thus, it is critical to halt the loss of 
productive soil by avoiding and reducing land degrada-
tion, as this is more cost-effective than trying to reverse it.8 
This goal, known as Land Degradation Neutrality (LDN), is 
anchored in SDG 15 and aligns with the broader definition 
of restoration adopted by the UN Decade on Ecosystem 
Restoration 2021–2030, which includes halting, preventing 
and reversing the degradation of ecosystems (see also Chap-
ter 5.1). Whether climate change will make additional land 
available for cultivation cannot yet be estimated.

2.1	 Soil functions and soil health

Internationally, scientists have agreed on the definition of 
three ecological functions of soils considered essential for 
a balanced ecosystem. Only when soils are able to perform 
all three of the following functions are they considered to 
be healthy: 
→	 Provision of habitat for both plants and animals 
→	 Regulation of water, organic and inorganic matter 

through filtering, buffering, transformation and storage
→	 Production of food, feed and biomass. 

These soil functions, together with other ecosystem func-
tions, enable the provision of certain essential ecosystem 
services (Figure 2). For example, flood regulation depends 
on water infiltration into the soil, which reduces surface 
run-off (regulation function). In addition, the vegetation 
that grows in the soil (production function) also attenuates 
run-off, namely through interception, roughness and tran-
spiration. Soils thus form the basis for all ecosystem services 
that are essential to keeping terrestrial ecosystems intact. 
They are also critical to human survival: after food produc-
tion, the most important function of soils is the replenish-
ment and purification of groundwater, which supplies our 
drinking water.

46

20

34 22 12

Usable for agriculture

Limited agricultural use

Usable for intensive agriculture

Not or barely usable (e.g. tundra, wetlands)

Ice region

Figure 1: Percentage of the Earth’s land surface that can 
be used for agriculture. Source: Wissenschaftlicher Beirat 
Bodenschutz (2002)9 
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2.1.1	 Soil as habitat
One gram of healthy soil can contain up to 600 million 
bacteria of various species, not to mention fungi, algae, sin-
gle-celled organisms, pinworms, earthworms, mites, wood-
lice, springtails, insect larvae, and so on. If one projects this 
across an area of one hectare, the live weight of all the organ-
isms in the soil would be around 15 tonnes, or the weight 
of 20 cows11 (Figure 3). Microorganisms and soil-dwelling 
animals are part of a complex food web: they break down 
organic matter and form new substances that serve as food 
for other soil organisms and plants, or which positively 
influence the soil structure and facilitate the exchange of 
nutrients.12 13 All this, whether it is living or not, is called soil 
organic matter, and it is the basis of soil fertility (Box 2).

Soil organisms actively loosen soil or create larger soil 
particles with their mucous secretions. Vital to the for-
mation of soil structure, they encourage soil aeration and 
enhance the soil’s capacity to absorb and store water. Their 
ability to break down organic pollutants, such as engine oil 
and pesticides, help boost the soil’s own ability to self-pu-
rify. Further, the symbiotic relationship between some soil 
organisms (mostly fungi and bacteria) and plants enhances 
plants’ uptake of nutrients and protects them from disease. 
Mycorrhizal fungi are the best-known example of this.14

TEEMING SOILS
Number of living organisms in 1 cubic metre of topsoil
in temperate climates, logarithmic scale

SOIL ATLAS 2015 / LUA
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One hectare of soil contains 15 tonnes of organisms, equivalent to the weight of 20 cows. 
That is 1.5 kilogramme of life per square metre or land

Habitat Regulation and storage Production

Habitat and means of subsistence for 
plants and animals

Filtering, buffering, storage and  
transformation of water and  
organic and inorganic matter

Production of food, fodder and  
renewable raw materials 

Figure 3: Living organisms in soils. Source: Chemnitz & Weigelt (2015)15

Figure 2: The three ecological functions of healthy soils. Source: Beste (2015)10 
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2.1.2	 Soil as a regulator
Soil’s regulation function comes from its ability to absorb, 
sequester, convert or break down materials, including pol-
lutants. Water supply and quality, carbon sequestration, cli-
mate regulation, and control of flooding and erosion relate 
to this function. If soil is in good condition – i.e. not sealed, 
crusted or compacted – then most of the rainwater that 
falls on it will infiltrate into it. A portion of it is naturally 
stored and remains available to plants and soil-dwelling 
animals, while the rest seeps further down to the groundwa-
ter level, becoming purified in the process. Sustainable soil 
management is therefore essential for our drinking water 
supply. According to one estimate, it takes about 256 m3 
of unsealed, non-compacted, unpolluted soil to produce 
enough water to meet the average daily water consump-
tion of a European citizen (140 L).16

If soil is compacted, it has less capacity to absorb and drain 
water, and this affects groundwater replenishment. Water 
runs off at surface level, causing erosion (loss of fertile soil 
matter) and flooding, along with loss of housing, transport 
infrastructure and human life. Further, surface waters suffer 
from contamination: soil particles, nutrients and pollutants 
are carried into lakes, streams and rivers, interfering with 
their functions. However, the compaction that occurs in 
intensively farmed agricultural soils still receives little 
attention from scientists, policymakers and practitioners, 
nor is there much focus on adapted soil management to 
improve infiltration. Compaction results from the use of 
heavy equipment, but it can also occur along with structural 
degradation from the loss of soil life caused by non-sustaina-
ble farming methods such as cultivation of monocultures and 
use of synthetic inputs, even without heavy machinery.17 18 

 
Soil first filters, then buffers and finally transforms pollut-
ants, regardless of their origin. But its ability to perform 
this function is contingent upon the soil type, the micro-
organisms present in the soil, the soil’s humus content and 
the soil structure.19 20 21 22 23 A high humus content enhances 
soils’ capacity to absorb and purify substances, includ-
ing pollutants. While this is good news for groundwater 
quality (filtration), it can lead to a build-up of pollutants 
in the soil over time. Thus, while filtration might be good 
for clean groundwater (buffering), it can cause accumula-
tion of pollutants if the soil must absorb high amounts of 
chemical inputs. The third process, transformation, involves 
organisms living in the soil that convert organic substances 
in plants into available nutrients; they can also transform 
organic pollutants into other compounds that are either 
less toxic or more toxic, depending on the source material. 
The biological purification process performed by soil is far 
more effective than its physical and chemical purification 
processes, and thus soil life is crucial for our drinking water 
supply.24 Any reduction in biological activity in soil has a 
decisive impact on its ability to purify water. However, it 
is precisely this biological diversity and activity that is dis-
turbed by common agricultural practices such as the use of 
pesticides and intensive mineral fertilization.25 26

Photo: Britta Radike / GIZ
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2.1.3	 Soil as biomass producer
Soil’s production function also has a major role in maintain-
ing the natural balance across a landscape. Healthy plant 
growth is an essential precondition for the vast majority of 
ecosystems. The nutrients and water stored in soil produce 
varied vegetation, which facilitates evaporation, air puri-
fication and CO2 absorption. In conjunction with climatic 
conditions, different soils can produce a broad variety 
of animals and plants – a genetically limitless reservoir 
that holds vast potential for human use. However, due to 
both climate change and human practices, this diversity is 
threatened.

The effects of decreased soil fertility is the main driver of 
desertification; as soils become less able to sustain plant 
growth, the resulting loss of vegetation loss leads to erosion, 
a disrupted water cycle (no evaporation) and drought. 
Throughout the world, soil degradation through overex-
ploitation is driving desertification at an alarming rate.27 28 

This threat extends beyond ecosystem degradation to 
food security. Studies have reported yield stagnation in 
the world’s major cereal crops, including maize, rice and 
wheat.29 30 31 Experts warn that failure to identify and remedy 
the causes of yield stagnation or reduction will have a major 
impact on the future of global food security.32 If we do not 
fundamentally change our current soil and land manage-
ment, we put our very survival in danger.33 34

    → A note on tropical soils
The soils of the humid tropics are predominantly washed 
out and nutrient poor. Their profound degradation is a 
result of intensive weathering. Unlike mid-latitude soils, 
the proportion of clay minerals with low nutrient exchange 
capacity in tropical soils is very high (predominantly kaolin-
ite). Nutrient exchange in these soils is therefore much more 
dependent on humus content and the transforming pro-
cesses of soil life than in mid-latitude soils. However, humic 
substances have 25 times the exchange capacity of the main 
clay minerals in tropical soils,35 allowing them to compen-
sate for this deficit. Thus, encouraging humus accumulation 
and supporting soil life is crucial to enhancing production 
conditions in tropical soils (Box 2).36 

Box 2. Soil organic matter, soil organic carbon  
and humus

There is a standard conversion factor to determine the 
humus content in soil: multiplying the measured amount 
of soil organic carbon by 1.72 provides the humus content. 
As soils and humus composition are very site-specific and 
diverse, using this general calculation for all soils without 
regard for site-specific factors and soil management can 
lead to inaccurate values.37 For the sake of simplicity, this 
guide does not make any distinction between soil organic 
carbon, soil organic matter and humus. However, it should 
be taken into account that, strictly speaking, soil organic 
matter and humus consist of carbon for the most part, but 
also oxygen, hydrogen, nitrogen, phosphorus and sulphur 
in variable proportions, whereas soil organic carbon is just 
carbon that is organically bound.

Key messages

	→ Soils are biodiversity hotspots and the second-largest 
carbon store on the planet.

	→ Soils form the basis of ecosystem functions; climate 
and water regulation depend on them.

	→ Soils are a prerequisite for the production of biomass 
of any kind.

	→ Soils have an important influence on ecosystem 
services that are important to humans, such as water 
purification and storage.
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3.	Climate change and soils: Impacts and 
potential for mitigation and adaptation

As shown in Chapter 2, soils play a key role not only in food 
production, but also as a habitat and a provider of ecosys-
tem services. This makes them extremely relevant for both 
climate change mitigation, where soil organic carbon is 
plays a key role, and adaptation, where regulatory functions 
turn out to be key (e.g. for the water cycle). In general, agri-
culture is both a driver and a victim of climate change. Dur-
ing the 20th century, the world’s cultivated soils lost between 
25% and 75% of their original carbon stock38 39 – released 
into the atmosphere in the form of CO2 – mainly due to 
unsustainable land management practices. These losses 
of soil carbon not only contribute to accelerating climate 
change, they also make soils more vulnerable to its effects 
through crucial impacts on the fertility of soil, its capacity to 
retain water, and its resilience to extreme weather condi-
tions. This increased vulnerability in turn has a negative 
impact on harvest yields and their stability, furthering the 
destructive cycle. The loss of ecosystem services due to soil 
degradation is estimated at 6.3–10.6 trillion USD a year.40 

Therefore, in order to break this cycle, agricultural strate-
gies must become ‘climate-smart’ to reduce greenhouse gas 
emissions, while at the same time integrating adaptation 
mechanisms to maintain productivity under increasingly 
variable and extreme weather conditions. Sustainable soil 
management (SSM, see below) is a core element of such 
mechanisms.

3.1	 Soil under climate stress

Soils are affected by climate change in a multitude of ways 
but most of all by fundamentally altering water cycles 
around the world. On the local and regional scale, there 
is greater variation in rainfall – heavier in some years and 
much less than usual in others – as well as increased evapo-
ration in many areas, which in turn raises the risk and sever-
ity of droughts. Years of drought are more and more often 
followed by extreme rainfall events, causing abrupt flood-
ing, soil loss and crop failure. In many areas, rainfall has 
become either increasingly abundant or in desperately short 
supply, compared with long-term averages. Increased rain-
fall can lead to run-off and erosion if the soil is not able to 
absorb precipitation at the rate it falls. In the most extreme 
cases, when a heavy rainfall occurs over sloped land without 
adequate vegetation cover, landslides can occur. Decreased 
rainfall on the other hand, along with less regular precipi-
tation (especially in combination with increased heat and 
evaporation) can accelerate desertification and even lead to 
a complete loss of food production in some areas. Frequent 
droughts and enhanced evaporation are not only killing 
off the vital soil organisms needed to grow healthy crops, 
they also leave less water to dilute even relatively common 
pollutants in reservoirs, streams and rivers, lakes and wells.41 
From a global, long-term perspective, climate change is 
predicted to lead to larger-scale variations in precipitation, 
triggering seasonal or even permanent shifts in entire eco-
system zones due to long-term changes in temperature and 
rainfall regimes, which would also significantly alter soil life 
in many areas.

A recent study on land use and climate change impacts 
on global soil erosion by water predicts an increase in soil 
erosion of 30–66% by 2070 compared to 2015, depending 
on land use and climate change impacts. If agricultural 
practices do not change and measures to slow global warm-
ing fail to materialize, the study projects an additional loss 
of soil of over 28 billion tons annually.42 43 44 A study from 
the European Commission’s Joint Research Centre found 
that soil erosion might lead to a loss of USD 8 billion from 
global gross domestic product (GDP).45 Soil degradation and 
compaction further increase the risk of flooding through 
increased run-off. These impacts can lead to crop failure 
and, in some places, hunger, displacement and migration, 
sometimes fuelling armed conflicts.46 
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Soil health is also susceptible to heat. Increased average 
temperatures and more frequent extreme temperatures, can 
also directly affect and alter soil life, especially for soils with 
limited vegetation cover. 

However, the water cycle and local microclimate are 
impacted not just by climate change: they are also affected 
by land use and vegetation. The less diverse the vegetation 
at a site, the less water evaporates and the less rain falls in 
one location.47 48 The less diverse the roots in the soil, the 
less water it can hold and the more likely flood events will 
occur.49 Areas with intact vegetation cover often are not only 
cooler, but also have a far more stable microclimate and are 
far less affected by extreme temperature changes. Yet far too 
often the links among soil, vegetation and climate are not 
properly appreciated.50

The good news is that sustainable and adaptation-oriented 
land use management can partly offset the extreme effects 
of drought or heavy rainfall and thus prevent soil and crop 
losses. Yet due to the unpredictability of these impacts, there 
is no one-size-fits-all solution for adaptation measures 
– they must be adapted to the local context. However, some 
general measures can make agroecosystems more resilient 
to both drought and heavy rainfall, while also promoting 
soil fertility, improving drinking water supply, and increas-
ing biodiversity, which protects against pests.

3.2	 Relevance of soils for climate change mitigation

Soils as carbon sinks, and thus as an aid to climate mitiga-
tion, are currently the subject of much debate. The largest 
amount of soil carbon on the planet (25%) is stored in the 
soils of permafrost regions (Arctica, Antarctica, Alps), which 
amount to a quarter of the Earth’s land surface.51 This is 
followed by wetlands, grasslands and forests, which also 
contain a large portion of the carbon stored in soils. Figure 4 
illustrates the global carbon cycle. 

Wetlands are a major carbon store, but 85% of them are 
considered destroyed.52 When wetlands are converted 
into arable land or (short) rotation plantations, or if peat is 
extracted, large amounts of greenhouse gases are released. 
The same is true for the conversion of grasslands and 
forests.53 Thus, controlling land use change holds by far the 
greatest potential when it comes to global soil carbon stocks 
– much greater than agricultural and soil management 
practices. This must be taken into account when evaluating 
the relevance of carbon storage in soils. 

Agriculture’s largest contribution to climate change is the 
production and application of synthetic nitrogen fertilizer.54 
Thus, limiting its use in favour of high-quality organic ferti-
lizers could prevent the release of large volumes of green-
house gas emissions. Nitrogen fertilization using legumes 
is the most energy-efficient and climate-friendly option. 
Through its ability to fix atmospheric nitrogen in the soil, a 
yield of four tons per hectare of beans can supply the equiv-
alent of 180 kg of mineral nitrogen. This is equivalent to an 
energy saving of the 180 L of fuel (480 kg of CO2) needed to 
produce this amount of mineral fertilizer.55 56 57

The total avoided emissions potential (carbon dioxide, 
nitrous oxide and methane emissions) in a legume-based 
rotation versus a rotation based on mineral fertilizer has 
a ratio of 36 to 100 (Figure 5),58 59 and legumes have many 
other positive effects.Figure 4: The global carbon cycle. Source: IPCC (2013)60

Figure 5: Emission  
saving potential in a  
legume-based rotation  
versus a rotation based  
on mineral fertilizer.  
Source: Beste & Idel (2019)61

TgC = 1012 gC, 1 Petagram of carbon = 1 PgC = 1015 grams of carbon =  
1 Gigatonne of carbon = 1 GtC. This corresponds to 3.667 GtCO2. 
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In contrast, storing carbon in the soil as a way to sequester 
it from the atmosphere has limited potential, increases 
slowly and is reversible.62 63 This is because almost all 
indicators of carbon sequestration can also be influenced 
by external factors, such as weather extremes.64 65 Therefore, 
many figures describing the theoretical carbon-sequestra-
tion potential in soil are significantly inflated. 

According to the Intergovernmental Panel on Climate 
Change (IPCC), better management of soils could offset 
5–20% of global anthropogenic greenhouse gas emis-
sions,66 67 68 but as mentioned above, avoiding conversion of 
wetlands, grasslands and forests plays the biggest role in this 
assessment. Thus, protecting wetlands and promoting pas-
ture grazing has more mitigation potential than agriculture, 
because of the huge humus content stored in those soils.

Key messages

	→ 	Soils are heavily impacted by climate change.

	→ 	Drought kills soil organisms, and heavy rains can 
trigger erosion and soil loss.

	→ 	The capacity of arable soils to sequester carbon is very 
limited.

	→ 	The largest potential for climate change mitigation 
is in preventing land-use change and protecting 
peatlands, wetlands, grasslands and forests.

	→ 	Humus accumulates very slowly and can be removed 
when soil management or external influences change.

3.3	 Potential of soils for climate change adaptation

Soil is a key factor for any agroecosystem. While there is 
no doubt that agricultural systems around the world need 
to adapt to climate change, the potential contribution of 
nature-based solutions to climate change adaptation in 
agriculture is often overlooked. In industrialized countries, 
the benefits of intensive use of technology and synthetic 
inputs for soil fertility and agroecosystem performance 
are increasingly coming under scrutiny. There is growing 
recognition that more holistic approaches such as ecosys-
tem-based adaptation (see Box 1) better support the long-
term viability of soils and ecosystems – as well as economic 
sustainability.69 Such approaches require a more holistic 
understanding of ecosystems and their sustainable use. 
While a uniform definition and a binding set of rules for the 
implementation of this concept are still being developed, 
many existing agricultural management practices already 
meet these requirements.

Sustainable land management (SLM) and sustainable 
soil management (SSM; Box 3) are two NbS that provide 
multiple ecologic and economic advantages, such as more 
reliable crop yields, greater conservation of biodiversity, 
and avoided costs related to the need to protect groundwa-
ter and drinking water from over-fertilization and use of 
pesticides.70 Research shows that SSM can achieve yields up 
to 10–120% compared with high-external-input agriculture. 
They also provide better protection against erosion, flooding 
and mudslides, and improve local microclimates.71 However, 
there are several barriers to the uptake of such approaches 
at scale. NbS does not imply a return to ancestral forms of 
agriculture – it is based on current evidence of how soil eco-
systems function and knowledge on optimal soil manage-
ment. Applying this knowledge requires clear and consistent 
knowledge transfer, which is currently insufficient. Some 
NbS practices require time for positive effects to material-
ize, and thus projects and funding need to be planned over 
longer timeframes. Finally, many types NbS are rooted in 
Indigenous or traditional local knowledge and experience, 
leading to some resistance in expert circles even when their 
effectiveness has been shown under scientific study. 

There are many examples around the world that demonstrate 
the viability of agroecological approaches (see Annex 2).
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Box 3. Managing land – and soil – sustainably

Sustainable land management (SLM), as defined at the 
1992 UN Earth Summit, is: “the use of land resources, 
including soils, water, animals and plants, for the 
production of goods to meet changing human needs, 
while simultaneously ensuring the long-term productive 
potential of these resources and the maintenance of their 
environmental functions”.72 73 74 75 76 Sustainable land 
management is strongly influenced by the land market, 
environmental laws, support from local authorities and 
agricultural subsidies. But education at universities and 
agricultural schools also plays a role. SLM is also about 
deciding what type of approach makes the best use of 
local resources.

The Voluntary Guidelines for Sustainable Soil Manage-
ment (VGSSM), endorsed by the FAO Council in Decem-
ber 2016, complement the World Soil Charter by further 
elaborating principles and practices for incorporation 
into policies and decision-making. The VGSSM define 
sustainable soil management (SSM) as: “Soil management 
is sustainable if the supporting, provisioning, regulating, 
and cultural services provided by soil are maintained 
or enhanced without significantly impairing either the 
soil functions that enable those services or biodiversity. 
The balance between the supporting and provisioning 
services for plant production and the regulating services 
the soil provides for water quality and availability and for 
atmospheric greenhouse gas composition is a particular 
concern.”77 78

SSM therefore depends on producers’ knowledge and 
experience of the basic functions of the soil and local 
ecosystem. SSM involves deciding what to grow in which 
location, where the best conditions are for both forage 
and cash crops, and how soil fertility for plants and ani-
mals can be used efficiently and maintained over time.

 

Adaptation to climate change, biodiversity protection and 
sustainable soil management require an integrated strategy 
that goes beyond isolated solutions for specific impacts, 
addressing all causes of degradation, increased greenhouse 
gas emissions and biodiversity loss. For example, replacing 
mineral fertilizers with organic fertilizers can support bio-
diversity and improve soil function, while simultaneously 
making a major contribution to climate mitigation and 
making ecosystems more resilient to weather extremes. 

SSM comprises three essential elements that aim to support 
interactions in the soil ecosystem, leading to a healthy, 
resilient and fertile soil. These are regarded by international 
science as essential to soil ecology and soil functions: 
→	 Increasing soil organic matter
→	 Promoting soil life
→	 Promoting diversity (both below and above ground).
 
These elements enable the following benefits to be achieved, 
regardless of the ecosystem, soil or climate:
→	 Humus accumulates.
→	 All soil functions – habitat, regulation and production 

function – are protected and improved.
→	 Soil structure in particular, and thus water infiltration and 

storage capacity, are improved.
→	 This stabilizes the local water cycle and thus the supply 

of water to plants – even in droughts.
→	 Cooling of the system through evaporation is optimized.
→	 Improved water infiltration reduces erosion and the risk 

of flooding.
 
As a result of all these benefits, ecosystem services are 
improved overall.

Since extreme events such as heavy rainfall and droughts 
will continue to increase in frequency and magnitude, and 
are often unpredictable, a flexible, comprehensive design of 
ecosystem-based approaches is needed that can be continu-
ously adapted over time.

Promoting these three elements can reduce emissions, 
support biodiversity and stabilize the land-use system as 
a whole against climate shocks and other stressors. There-
fore, SSM is a type of EbA for climate change. Most of these 
practices are rooted in indigenous and / or local knowledge, 
and their positive effects are increasingly proven through 
basic research and empirically confirmed in many projects 
worldwide (see Chapter 4). 
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The first element: Increasing soil organic matter
Enhancing organic carbon and humus in soils improves 
their health and fertility, water and nutrient retention 
capacity, food production potential, and resilience to 
drought and heavy rain. The ability of carbon-rich manure 
to support humus accumulation is highly dependent on the 
form in which the carbon is introduced into the soil; not all 
organic manure is suitable for soil life (e.g. untreated slurry 
or large amounts of fresh matter (green mulching) are not 
beneficial to soil organisms). Compost is particularly well 
suited to improve soil as it increases humus content, micro-
bial biodiversity and soil fertility (Figure 6). Mulching has 
benefits for soil life and, perhaps more significantly, protects 
the soil surface from erosion. 

The following positive effects of compost on soil have been 
confirmed by research:79

→	 Increased aggregate stability, improved soil structure
→	 Increased pore volume
→	 Improvement in water storage and filtration capacities
→	 Increased biological activity
→	 Increased humus content
→	 Reduced risk of erosion and increased flood protection
→	 Increased mycorrhization and improved nutrient supply
→	 Reduced nitrogen leaching
→	 Improved disease resistance in crops
→	 Improved nutrient exchange capacity. 
 

Compost can hold 3–5 times its weight in water. This allows 
rainwater that would normally be lost through evaporation 
or run-off to remain and replenish ecosystems.

Long undervalued, roots and the substances they release 
into the surrounding soil (exudates) are now known to be 
the largest promoters of humus accumulation – even more 
so than compost. Therefore, they can be considered part 
of ‘organic manure’ both in terms of their definition and 
usage. A diverse root system increases biological activity, 
stabilizing the soil structure and improving water retention 
and filtration capacity. First, roots bind soil fragments; sec-
ond, they supply food for soil life, whose biological activity 
structures and stabilizes the soil fabric; and third they are 
important humus builders. Thus, they support the water 
cycle in three ways.80 81 82

Biochar – the introduction of carbon into soils by means of 
pyrolysis (thermal decomposition) to increase soil organic 
matter – is another widely discussed approach. However, 
in 2019 the German Federal Thünen Institute states that 
the use of biochar is considered to be in dispute, due to 
inconsistent results regarding the effects on soil functions 
and soil fertility and the potential risks for soil caused by 
pollutants arising from pyrolysis.83 84 85 86
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Figure 6: Ecosystem services by mycorrhiza funghi (MF). Source: Beste (2022)87



15

CLIMATE CHANGE AND SOILS: IMPACTS AND POTENTIAL FOR MITIGATION AND ADAPTATION

The second element: Promotion of soil life
Whether composed of manure or plant matter, organic 
fertilizer is preferable to mineral fertilizers, which disturb 
the balance of soil biology, particularly mycorrhizal fungi. 
Mycorrhiza constitute a major component of the agroeco-
system, as they establish a symbiotic relationship with the 
roots of 80% of all plant families. Mycorrhizal colonization 
benefits plants by improving their nutrient status, and it 
subsequently enhances ecosystem services through, for 
example, enhanced soil structure formation (Figure 6).88 
Mycorrhiza stabilizes soil aggregations, prevents soil 
erosion, and inhibits the colonization of pathogens.89 90 In 
contrast, disturbing soil life through the use of agrochem-
icals, mineral fertilizers and tillage causes soil compaction, 
which leads to erosion, loss of fertility and emissions of 
nitrous oxide.91 92 93

In a complex food web94, microorganisms and soil animals 
decompose organic material and form new substances. 
These, in turn, serve as nutrients for other soil organisms and 
plants or as humic substances, which have a favourable influ-
ence on soil structure and material exchange. Soil organisms 
loosen the soil or cause soil particles to stick together. They 
contribute decisively to the formation of soil structure, 
promote aeration and increase water infiltration and storage 
capacity (see Figure 3). Thus, it is better able to absorb most of 
the rainwater that falls, storing part of this water for a longer 
period of time and making it available to plants and soil ani-
mals; the remaining rainwater is purified as it seeps down-
wards, contributing to groundwater accumulation. This is 
deeply dependent on the creation of biological soil structure, 
as mid-sized pores must be built by microorganisms – they 
cannot be created through technical loosening.95 96 97

The third element: 
Promoting ecosystem services and diversity
Biodiversity stabilizes ecosystems. It enhances the capacity 
of ecosystems to respond to stress and maintains the water 
cycle through structure stabilization and increasing pore 
volume. It also provides important ecosystem services, e.g. 
by balancing food cycles and competing species. Thus is also 
crucial for food production. 

For example, pollinators contribute USD 217 billion to the 
global economy,98 99 100 and honeybees alone are responsible 
for USD 15 billion dollars in agricultural productivity in 
the United States through their vital role in fruit, nut and 
vegetable production.101 

Diverse agricultural systems are less vulnerable to extreme cli-
matic events, climate variability, and cumulative agro-climatic 
changes,102 including both above- and below-ground diversity.

The ideal way to promote belowground diversity is through 
crop rotations or planting of different crops on the field 
at the same time (under sowing, mixed crops), and peren-
nial crops, as these measures promote root diversity and 
density, which stimulates soil biota. Crop rotation is part and 
parcel of good agricultural practice. Traditional knowledge, 
educational textbooks and experiential knowledge all 
underline the importance of alternating ‘humus-sapping’ 
crops with humus-building crops – a principle that comes 
up frequently in training courses and university curricula. 
However, the practice of crop rotation has been waning in 
the last 20 years and is virtually non-existent in intensive 
farming across Central Europe and North and South Amer-
ica. This is having devastating impacts on soil health.103 104

Intercropping protects soil from erosion and dehydra-
tion. It promotes root system development and increases 
biological activity, thus stabilizing the soil structure and 
improving its ability to retain and filter water.105 This is 
especially true when an extensive, network-like root system 
forms throughout the entire soil profile. Such root system 
development can even loosen damp clay soils, improve soil 
structure and increase pore volume.106 Further, diversified 
farming systems reduce the risk of harvest and livestock 
losses in cases of extreme climatic events or pest outbreaks, 
while also supporting economic diversification as an effec-
tive risk-reducing strategy for both smallholder farmers and 
large-scale operations. Since they have a positive effect on 
the water balance, they also contribute to yield security.

Increasing the amount of vegetation on land will boost 
soil fertility and groundwater recharge, increasing evap-
otranspiration and in turn leading to greater cloud cover 
and higher rainfall. More cloud cover causes an increase 
in atmospheric cooling through additional reflectance of 
incoming solar radiation. 

Globally, 40–60% of the rain falling over land comes from 
moisture generated through upwind land evapotranspi-
ration, mostly by transpiring trees. In some regions of the 
world, this share amounts to 70% of the rainfall. Thus, 
diverse vegetation cover makes its own microclimate and 
improves resilience against drought as it can convert heavy 
rainfall into a cooling effect, and increased water storage 
and groundwater replenishment.107
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    → A note on no-tillage agriculture
Conservation tillage, or ‘no-tillage agriculture’ is credited 
with conserving moisture, minimizing the disturbance of 
soil life and protecting soils from erosion. It has also been 
long considered to increase soil organic matter. However, 
a 2010 global meta-analysis and other subsequent studies 
have concluded that no-tillage techniques do not accumu-
late more carbo across the soil depth profile (Figure 7).108 109 
Since most studies that measure soil organic matter content 
only examined soil at a depth of 7–15 cm, this remained 
unobserved for several years. 

The claimed higher infiltration and retention of water 
with no-tillage is also complicated by the fact that large 
earthworm tunnels in unploughed soils are surrounded 
by compacted soil, not by the ‘spongy’ structure that has 
mid-sized pores capable of holding water. Rather than 
keeping water near the surface and thus available to plants 
during dry spells, these tunnels may increase the risk of 
water percolating into the groundwater before it can be 
filtered.110 111 Proper water retention is only possible in 
biogenic soil, where microorganisms and roots from diverse 
crop rotations create the ‘spongy’ structure needed to hold 
moisture. If avoiding ploughing is the goal for less soil 
disturbance, root diversity and organic manure must be part 
of the solution. 

In terms of climate mitigation, no-tillage farming can also 
be counterproductive if done under intensive management 
with low root diversity, as nitrous oxide emissions (which 
are 300 times more harmful to the climate than CO2) can 
increase if the soil structure is not loosened either techni-
cally or biologically.112

With respect to biodiversity, the no-tillage approach is often 
claimed to protect diversity as soil organisms are not dis-
turbed by ploughing. However, as weed control is an issue 
with unploughed soil, the majority of no-tillage techniques 
worldwide are implemented in conjunction with total her-
bicides such as glyphosate. Glyphosate and its by-products 
have a negative impact on earthworms and other soil organ-
isms, leading to a strong decline in both above- and below-
ground diversity over the past 20 years.113 114 The increasing 
use of glyphosate – from less than 1 million lbs in 1974 to 80 
million lbs in 2010 in the USA alone115 116 117 118 119 – is a major 
cause of species extinction in agricultural areas, as cash-crop 
monocultures and the elimination of all weeds across large 
areas deprive insects and birds of habitat and food.

If conservation tillage is to contribute to sustainable soil 
management, enhancing biodiversity is a crucial precon-
dition. It is only feasible in highly diverse agroecosystems, 
where a network of roots and a mixture of diverse crops 
loosens soil, stabilizes ‘crumbly’ soil particles (aggregates) 
and suppresses weeds. Protection against erosion and 
promotion of humus accumulation can only be achieved 
through increased diversity across the ecosystem and below 
ground.120 121 

Key messages 

	→ Sustainable Soil Management (SSM) is a key strategy 
for ecosystem-based adaptation (EbA) to climate 
change; it relies mostly on Indigenous knowledge and 
current evidence of how soil ecosystems function. 

	→ SSM aims to create healthy, resilient and fertile soils 
by supporting interactions in the soil ecosystem and 
thus stabilizing the land-use system as a whole against 
climate shocks and other stressors.

	→ Compost and diverse root systems are the best tools 
to increase soil organic matter, as well as to promote 
humus accumulation and diverse soil life, as they 
support soil structure, nutrient exchange, water 
infiltration and cleaning capacity, and reduce the risk 
of erosion. 

	→ Promoting soil life also brings benefits in terms of 
better nutrient supply for plants and resilience against 
biological and climate stressors and is thus the basic 
condition for climate-resilient agriculture. 

	→ Diversity above and below ground is by far the most 
important means of stabilizing soils and agricultural 
systems. 
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4.	Sustainable farming systems for 
adaptation to climate change

The following well-known practices are examples of 
farming systems that apply the three elements of SSM (see 
Chapter 3) in a particularly comprehensive way; these are 
therefore recommended as holistic approaches to sustaina-
ble agriculture and climate adaptation. 

4.1	 Agroecology

Agroecology is a complex concept that goes far beyond farm-
ing practices. It can be understood as a scientific discipline, 
a set of farming practices (including some of the practices 
mentioned later in this chapter), as well as a social movement. 

As a farming practice, the basic features of agroecology are 
very similar to certified organic farming. However, many 
smallholder farmers who produce agroecologically are not 
‘certified organic’, as certification is often too expensive. 
This is particularly true for poor rural communities without 
access to markets via developed infrastructure. Due to 
their inability to engage in the certification process, these 
producers cannot benefit from the price premiums that 
buyers are willing to pay in Europe (where organic farming 
is subsidized), North America, and parts of Asia and Brazil. 
They may lack the financial means to join the cooperatives 
that facilitate this process or the distance may be simply too 
far to transport products for certification. For these reasons, 
there is little interest in certification and labelling among 
smallholders who produce goods for local markets. 

As ‘agroecologic’ is not defined as a controlled production 
standard or for trade, in theory anyone can claim to produce 
agroecologically; thus there is a potential risk of greenwash-
ing. In response to this risk, the FAO compiled 10 elements 
of agroecology, along with 13 principles that should be fol-
lowed; however, these are not legally binding or controlled 
in national and international markets.123

Emerging evidence shows that agroecology can be an 
innovative approach to climate change adaptation for food 
security and rural livelihoods.124 125 126 A background paper 
commissioned by the Global Commission on Adaptation 
(GCA) demonstrates the positive contribution of agroe-
cological approaches to climate-resilient agriculture.127 
This refers not only to a greater variety of crops (species 
and varieties) on one farm, but also to the integration of 
crop-livestock systems or agroforestry (see the GIZ Fact-
sheet on Agroecology).128

4.2	 Agroforestry

According to World Agroforestry, agroforestry is defined 
as “land-use systems and practices where woody perenni-
als are deliberately integrated with crops and / or animals 
within the same land management unit.129 Agroforestry 
can be applied in both conventional and organic systems, 
as it focuses on how to design the arrangement of plants, 
not on avoiding special inputs. However, many traditional 
agroforestry projects work without mineral fertilizers and 
pesticides. This is partly to reduce costs, but also because the 
farming system itself produces organic fertilizer and keeps 
pests at bay. In agroforestry, perennial plants such as trees 
and shrubs are specifically combined with cropping systems 
and / or livestock (agrosilvopastoral systems; see Figure 8), 
resulting in both ecological and economic benefits.130 

Agroforestry systems range from grazing livestock under 
orchards to adding rows of trees in fields to forest farms 
interspersed with trees and shrubs. Short rotation coppices 
for energy wood production are also often described as 
‘agroforestry systems’, but as they lack diversity they are not 
included in the above definition.
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An example from the Quesungual system in Honduras 
highlights key elements of agroforestry systems and their 
benefits. The agricultural measures include:

→	 integration of crops and the preservation of trees,  
shrubs and grasses;

→	 maintenance of vegetation cover and clearance of  
vegetation by hand instead of with fire;

→	 increased organic matter in soils and minimum soil tillage.
 
These measures almost doubled the yields, increased soil 
organic matter content, and led to an increase in soil mois-
ture. All these effects enhanced local communities’ resil-
ience to landslides and extreme weather events.132 133

Agroforestry is a promising land management system 
that can improve farmers’ livelihoods while reducing 
pressure on forests. It has positive effects on biodiversity, 
improves water management and provides many tree-re-
lated ecosystem services such as increased soil fertility. The 
approach also contributes to reduced erosion and carbon 
sequestration.134 

Since tropical soils are much more susceptible to erosion, 
and because rainfall is becoming more erratic and extreme, 
protection of the land surface is of particular importance. 
Therefore, while the use of intercropping and ‘rainforest 
structure’ – as practiced in agroforestry and permaculture 
systems – is particularly well adapted for the tropics, these 
approaches can also contribute to climate change adapta-
tion in the mid-latitudes.

4.3	 Organic farming

By definition, organic farming follows three main princi-
ples: no synthetic fertilizers, no synthetic pesticides, and 
diversity as a fundamental component. Together, these prin-
ciples also offer a succinct summary of the abovementioned 
SSM measures.. Findings from both trials and comparative 
studies demonstrate that organic farming is superior to 
conventional agriculture across all measures of sustaina-
bility (Figure 9).135 Organically farmed soils can absorb and 
retain twice as much water as conventionally manged soils 
on average,136 137 and they can have twice as much humus 
build up, particularly in livestock-based systems. When it 
comes to climate change mitigation, organic agriculture 
stands out, with 48–60% less CO2 and 40% less N2O emis-
sions138 compared to conventional farming.

Despite lower yields in the short-term, organic farming 
leads to considerable environmental and socio-economic 
advantages compared to conventional agriculture.139 140 141 
While intensive conventional agriculture produces higher 
yields in the short term, soil depletion and overuse of eco-
system services results in dwindling harvests and high social 
costs over the long term. However, some studies in tropical 
environments show that organic farming and higher crop 
diversity can achieve yields up to double-digit percentage 
ranges compared with conventional agriculture.142

One benefit of organic farming is that its principles and 
rules are now clearly defined internationally, both scientif-
ically and in legal and trade terms.143 144 145 146 147 148 Therefore, 
it is the only precisely defined farming system for which 
equivalent sustainability rules must be applied worldwide.
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    → A note on climate-smart agriculture
Launched by the Food and Agriculture Organization of  
the United Nations (FAO) in 2010 at The Hague Conference  
on Agriculture, Food Security, and Climate Change,  
‘climate-smart agriculture’ (CSA) mainly employs precision 
farming and no-tillage approaches (see above). However, 
CSA lacks a consistent definition of proven climate-friendly 
techniques, and this has led to a variety of different prac-
tices operating under the same name. For example, genetic 
engineering is included in some projects, and agroforestry 
is mentioned in others, but overall the approach appears 
arbitrary. This lack of clarity and the use of the CSA label 
by global players to promote industrial high-input farming 
methods led to criticism by more than 300 civil society 
organizations, which released a joint statement ahead of  
the 2015 Paris climate summit rejecting the rhetoric of CSA 
and urging support for agroecology.150 151

However, if the sustainability elements described in this 
section become required practice in CSA, the term can mean-
ingfully represent sustainable adaptation to climate change.

4.4	 Regenerative agriculture

The objectives of regenerative agriculture are similar to 
those of organic farming and agroecology, but with a clear 
focus on the fight against climate change. The term was 
coined during research initiatives at the Rodale Institute in 
the early 2000s. 

Regenerative agriculture can – similar to the internationally 
defined principles of organic farming152 – be understood as 
aiming to improve the regeneration of the topsoil, biodiversity 
and the water cycle without the use of pesticides and synthetic 
fertilizers.153 Other more specific definitions include that of 
Christine Jones, the author of a Australian study on rangelands: 
regenerative agriculture focuses on the improvement of soils, 
water cycles, vegetation and productivity through agriculture 
and emphasises the interlinkage between the diversity, quality, 
vitality and health of soil, plants, animals and people.154 This 
shifts the focus to soil building and humus enrichment. 

Proponents of regenerative agriculture are primarily con-
cerned with building up and improving the soil. In addition, 
farmers often practice special forms of intercrop grazing by 
sheep or cattle. As agroforestry and agropastoral systems 
are currently in the international spotlight, regenerative 
agriculture can be a novel approach to organic farming in 
industrialized countries, where such techniques have not 
been widely practised.

As with agroecology, since the term ‘regenerative agricul-
ture’ is not yet officially defined on an international or even 
national level, greenwashing is always a risk.

4.5	 Permaculture

Permaculture, like organic farming, avoids mineral ferti-
lizers and synthetic pesticides and works with diversity. 
However, it also specifies a particular arrangement of crops 
and primarily uses perennial varieties. Most permaculture 
cultivation practices are rooted in traditional Indigenous 
knowledge. The term was coined in the 1970s by the 
Australian ecologist Bill Mollison and is defined as follows: 
“Permaculture (permanent agriculture) is the conscious 
design and maintenance of economical, agriculturally 
productive ecosystems that have the diversity, stability, and 
resilience of natural ecosystems”.155 

With regard to climate change adaptation, permaculture 
promotes high resilience under changing external influ-
ences and in particular extreme weather events. Its practice 
involves farming based on natural cycles and ecosystems. 
Elements of this type of farming can be found in rice pad-
dies in Asia, terraced systems developed by Berber peoples 
in Morocco, and in traditional cropping systems in Brazil 
and Mexico (variously called ‘rainforest structure’, ‘siste-
mas agroflorestais’, and ‘paisajes bioculturales’). Farmers in 
Morocco have worked with such methods for millennia.156 The 
focus is not only on individual elements of the farm, but on 
how they relate to and support each other to make up a highly 
productive farming system. 
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Examples include: 
→	 Grain cultivation: Undersowing clover, radishes, salad 

and medicinal herbs once the cereal crop has flowered 
ensures a (feed) crop after the cereal harvest. 

→	 Mixed cropping: A mixture of corn, sunflowers and hemp 
are grown together with peas or beans; the tall plants 
provide support for the legumes, which in turn supply 
the plants with nitrogen. 

→	 Horticulture: Different plants of different heights are cul-
tivated together to create a ‘rainforest structure’, similar 
to agroforestry.

→	 Cocoa production: Tall trees are planted around cocoa 
plants to provide needed shade, with ground cover crops 
planted beneath for a third harvest option, for nitrogen 
fixation or simply to provide mulch as soil cover. 

 
Permaculture is particularly effective at protecting against 
erosion through its rainforest structure, shading (via cooling, 
reduced evaporation and lessening the intensity of rainfall 
on soil), efficient water use, high output of carbohydrates 
and proteins from the same plot, and by providing a source 
of income at different times of the year. Perennial plants 
are more resilient overall to yearly fluctuations of water 
availability because of their established root systems, espe-
cially if those trees, shrubs, herbs and grasses are climatically 
appropriate species. The efficiency of a permaculture system 
cannot be measured solely by tallying the yields of each of 
its components; the total biomass production per area and 
the positive effects on ecosystem services must also be taken 
into account. However, it must be noted that permaculture 
is not an extensive system but a very intensive one.157

Key messages

	→ Agricultural and soil management systems that 
promote biodiversity above and below ground are 
climate resilient and highly productive, without 
polluting water and soil or overstressing natural 
ecosystems.

	→ Farming systems, particularly agroecology and 
agroforestry have gained a lot of attention over the 
last years and build on the traditional and Indigenous 
knowledge of small-scale farmers. 

	→ Farming systems like regenerative agriculture and 
permaculture put a particular focus on the interplay 
within the farming systems to protect soil, biodiversity 
and the health and livelihoods of people. 

	→ With the exception of organic agriculture, the above
mentioned concepts lack a uniform and protected 
definition, increasing the risk of ‘greenwashing’. It is 
therefore crucial to take a closer look at the concrete 
measures that are promoted.

Permaculture in Brazil; Photo: Beste
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5.	Soil policies and politics 

As shown in the preceding chapters, healthy soils play a key 
role in maintaining the critical ecosystem services that sup-
port life on Earth. While the state of soils is relevant to sev-
eral areas of international concern, including biodiversity 
conservation and climate change adaptation and mitigation, 
soil degradation and the need for sustainable soil and land 
management have historically received little attention from 
international agencies, aside from the United Nations Con-
vention to Combat Desertification (UNCCD). 

However, soils have emerged in international, regional and 
national arenas in recent years, as reflected in a growing 
number of international strategies, policies and initiatives. 
While these have focused primarily on agriculture, there 
is momentum to shift the focus towards the importance 
of soils to climate change adaptation and mitigation, 
biodiversity conservation, water resource management, 
and sustainable development in general. Efforts are being 
made to make interlinkages more explicit and to develop 
integrative policies at the national level. The year 2021, in 
particular, provided an opportunity to highlight the links 
between healthy soils and other global goals, as well as rel-
evant nature-based solutions that can respond to the needs 
of both people and the planet. 

The next two chapters investigate the ways in which soil 
degradation and soil health are considered in international 
and national politics and policies.

5.1	 Soil in international strategies, 
guidelines and initiatives

In the sustainable development arena, the importance of 
healthy soil is reflected in the United Nations 2030 Agenda 
for Sustainable Development through the Sustainable 
Development Goals (SDGs). The SDGs address the need 
to protect soil quality in order to enable an increase in 
the quantity and quality of food as well as to guarantee 
ecological resilience. SDG target 15.3, in particular, aims 
for “Achieving land degradation neutrality – by preventing 
land degradation and rehabilitating already degraded land, 
scaling up sustainable land management and accelerating 
restoration initiatives […]”.158

Initially, the concept of Land Degradation Neutrality (LDN) 
was introduced in international discussions by the Secre-
tariat of the UNCCD,159, defining it as: “a state whereby the 
amount and quality of land resources necessary to support 
ecosystem functions and services and enhance food security 
remain stable or increase within specified temporal and 

spatial scales and ecosystems”.160 As a result, in the Rio+20 
final document ‘The Future We Want’, the international 
community agreed to work towards a “land degradation 
neutral world”.161 Even though LDN is not a comprehen-
sive soil policy and includes other aspects related to land 
degradation, in this context soil degradation also means 
land degradation; in contrast to other policies, the LDN 
target includes all soil threats (and other drivers of land 
degradation).162 While the SDGs are not a binding treaty, 
they are still seen as the only global political reference point 
specifically on land and soil, and thus as a strong political 
commitment.163

    → A note on national LDN targets
The Science-Policy Interface (SPI) under the auspices of 
the UNCCD published a Conceptual Framework for Land 
Degradation Neutrality, which provides a scientific basis 
for understanding and implementing LDN, as well as 
guidance for UNCCD Parties that choose to pursue a LDN 
target at the national level.164 It defines appropriate steps 
and measures to be taken based on a “response hierarchy” 
and lists actions to achieve LDN, including land manage-
ment approaches that avoid or reduce degradation, coupled 
with efforts to reverse degradation through restoration or 
rehabilitation.165

In 2012, the UN General Assembly also decided to create 
the Global Soil Partnership (GSP), managed by the FAO, 
promoting, among other things, sustainable soil manage-
ment for increased protection, conservation and produc-
tivity. Important achievements were the revision of the 
World Soil Charter and the development of Voluntary 
Guidelines for Soil Sustainable Management (VGSSM) as 
the first attempt to define sustainable soil management 
practices at the global level (see Box 3). The principles of the 
VGSSM are closely related to the concepts of agroecology, 
organic farming or permaculture (see Chapter 4), which 
are receiving increasing attention at the global level. Both 
the Global Soil Charter and the VGSSM are being adopted 
and integrated into national policies and programmes by 
many countries.166 Also led by the FAO is the UN Decade on 
Ecosystem Restoration (2021–2030), which was announced 
by the UN General Assembly in 2019 following a proposal 
for action by over 70 countries from all latitudes.167 As land 
degradation lowers a soil’s ability to maintain soil functions 
and fertility, thereby contributing to global threats such 
as climate change and costing trillions of dollars every 
year168, the decade is an appeal to halt this degradation and 
restore ecosystems in order to achieve global goals. The 
decade is building political momentum for restoration 
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and for thousands of initiatives on the ground. Restoration 
initiatives can have co-benefits for soil even if this is not 
their main focus. For example, the Bonn Challenge was 
launched by the Government of Germany and the Inter-
national Union for Conservation of Nature (IUCN) in 2011 
with the goal of having 150 million hectares of deforested 
and degraded land under restoration by 2020. The initiative 
focuses on forest landscape restoration (FLR), which entails 
more than just planting trees; FLR implements a variety of 
interventions, from agroforestry and natural regeneration 
to soil management and rainfall harvesting in order to help 
forests perform the ecosystem functions that provide goods 
and services such as food, fuel and clean water.169

As shown in chapters 3 and 4, there are also strong linkages 
between soil and climate change adaptation and mitigation 
and the conservation of biodiversity that are addressed by 
the other Rio Conventions. The United Nations Frame-
work Convention on Climate Change (UNFCCC) refers to 
sustainable agriculture and food security, more than to 
soil, specifically. For example, its founding documents refer 
to stabilizing greenhouse gas concentrations in order to 
“ensure[s] that food production is not threatened”170 and 
committing Parties to prepare for adaptation by develop-
ing “integrated plans for coastal zone management, water 
resources and agriculture, and for the protection and reha-
bilitation of areas affected by drought and desertification, 
as well as floods” (Article 4 [1][e]). Yet, until 2017, agriculture 
was excluded from UNFCCC negotiations and progress to 
effectively address the sector remains slow.171

Nevertheless, there are some noteworthy initiatives related 
to soil, such as the 4p1000 initiative launched by France at 
the twenty-first UNFCCC Conference of the Parties (COP21) 
in 2015 that aims to increase soil carbon sequestration by 
4‰ per year. Even if this target might not be realistic, the 
initiative will contribute to climate change adaptation and 
food security through increases in soil organic matter.172 
The Koronivia Joint Work on Agriculture (KJWA), which was 
adopted at COP23 (decision 4/CP.23) addresses issues related 
to agriculture, including “improved soil carbon, soil health 
and soil fertility under grassland and cropland as well as 
integrated systems, including water management” and 
“improved nutrient use and manure management towards 
sustainable and resilient agricultural systems”. Despite these 
initiatives, the Paris Agreement itself as the guiding frame-
work for climate policy only makes a reference to food 
security in its preamble – it does not specifically refer to soil 
or other related topics. It thus fails to encourage the intro-
duction and implementation of approaches that make use 
of the abovementioned synergies between SSM and climate 
change adaptation and mitigation. Yet, due to heightened 

awareness, inter alia through initiatives and (scientific) pub-
lications such as the IPCC special report on Climate Change 
and Land,173 the importance placed on soil in the interna-
tional climate agenda is likely to increase further. 

In the framework of the Convention on Biological Diversity 
(CBD), the topic of soil was discussed from the very begin-
ning and the link between biodiversity and healthy soils is 
usually taken into account, even if it is not always referred 
to explicitly. Healthy soil biodiversity is a precondition 
for the achievement of many biodiversity targets (within 
both the CBD’s expiring framework and the upcoming 
one). There are related decisions and a Programme of Work 
on Agricultural Biodiversity,174 and the focus of COP 13 
on mainstreaming biodiversity into productive sectors, 
including agriculture, as well as the global assessment of 
land by the Inter-governmental Platform on Biodiversity 
and Ecosystem Services (IPBES) have given the topic new 
momentum. Still, policies and programmes that focus on 
specific aspects of soil biodiversity and which promote its 
conservation and sustainable use are generally lacking.175

Much of the work on agricultural biodiversity under the 
CBD to date has been undertaken in cooperation with the 
FAO. The FAO and other relevant organizations were also 
invited to facilitate and coordinate the ongoing Interna-
tional Initiative for the Conservation and Sustainable Use of 
Soil Biodiversity. A recent review of the initiative’s imple-
mentation stresses the importance of soil biodiversity for 
human well-being and for the implementation of the new 
Global Biodiversity Framework (GBF). While the first draft 
of the GBF does not (so far) include a target directly related 
to soil biodiversity, it does include goals on the integrity of 
ecosystems, biodiversity-inclusive spatial planning, restora-
tion, area-based conservation, the reduction of pollution, the 
contribution to climate change mitigation and adaptation 
through ecosystem-based approaches as well as on ensuring 
benefits for people (including nutrition and food security), 
sustainable agricultural management, and nature’s contribu-
tions to the regulation of the quality and quantity of water 
– all of which are relevant for, or rely on, healthy soils.

In order to further increase the specific focus on soils and 
their sustainable management, the International Initiative 
for the Conservation and Sustainable Use of Soil Biodiver-
sity urges the international community to strengthen the 
integration of soil biodiversity into broader policy agendas 
for food security, ecosystem restoration, climate change 
adaptation and mitigation, the sustainable development 
agenda, the GBF and all other relevant areas.176
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Alignment of international strategies and guidelines
Despite the many globally recognized connections between 
climate change, biodiversity and human well-being, syn-
ergies between the three UN Rio Conventions (UNFCCC, 
CBD and UNCCD) and the agricultural community are 
not fully exploited.177 The various international strategies 
and policies need to be aligned with each other, and their 
implementation at regional, national and local levels needs 
to be promoted. Regarding soil health, this will require the 
mainstreaming of aspects related to both climate change 
and biodiversity when designing soil policies, as well as 
the integration of soil into national climate change and 
biodiversity policies to overcome silo thinking (see Chap-
ter 5.2). Strategic alliances, for instance between the three 
Rio Conventions and the agricultural sector, need to be 
strengthened to further promote the role of soil for climate 
change adaptation and mitigation, biodiversity conserva-
tion, ecosystem restoration, and food security.178 

Key messages

	→ Through their habitat, regulation and production 
functions, soils play a crucial role for many areas 
of international concern, including climate change 
adaptation and mitigation, biodiversity, water resource 
management and sustainable development.

	→ Soils and their sustainable management are reflected 
in international strategies and initiatives, but in many 
areas the focus on the interlinkages is weak and not 
made explicit.

	→ Specific targets related to healthy soils are often 
lacking in international strategies on climate change 
and biodiversity. Policies and programmes focusing on 
specific aspects of soil for climate change adaptation 
should be strengthened.

	→ There is good cooperation between important 
international institutions and organizations that could 
further promote the integration of healthy soils and 
SSM, e.g. between FAO and CBD. However, strategic 
alliances could be strengthened even further.

	→ A two-way mainstreaming is required: aspects 
related to climate change and biodiversity need to 
be integrated into soil policies and soil matters need 
to be integrated into other policy areas, including 
biodiversity and climate change, to overcome silo 
thinking.

5.2	 Soil in national policies

National climate change and biodiversity policies, such 
as the Nationally Determined Contributions (NDCs) and 
National Adaptation Plans (NAPs) under the UNFCCC, 
as well as the National Biodiversity Strategies and Action 
Plans (NBSAPs) under the CBD, can be used as vehicles for 
simultaneously addressing soil health, climate change and 
the conservation of biodiversity through the inclusion of 
NbS or EbA measures (as mentioned above). But are they 
currently used in this way?

Nationally Determined Contributions (NDCs)
One hundred and sixty-seven Parties note in their first 
NDCs the vulnerability of ecosystems to the effects of cli-
mate change. A similar number recognize that ecosystems 
need to be preserved and have included general NbS into 
their NDCs and adaptation planning efforts, without nec-
essarily focusing on soil.179 While unfortunately few indus-
trialized and high-income countries included NbS in their 
NDCs, the topic is referred to by all low-income countries 
and almost all least developed countries (LDCs).180 

Despite the slow progress within the UNFCCC to address 
agriculture and soil, agriculture in general is included in 
many NDCs.181 Soil and land management measures are 
often mentioned as priority actions for climate change mit-
igation and, in some NDCs, for adaptation.182 For adaptation, 
reference is also made to climate-smart agriculture or agro-
ecological and other approaches that embrace food security 
and social and environmental concerns (see Chapter 4). For 
mitigation, Parties plan to reduce agricultural emissions, 
e.g. through the implementation of conservation or organic 
agriculture, the reduction of tillage, or by increasing carbon 
storage through tree plantations – whereby these tech-
niques are effective at very different intensities, as discussed 
in Chapter 3. While such actions will all have impacts on 
soils, these effects could be referred to more explicitly. As 
mentioned above, some approaches such as CSA lack an 
internationally consistent definition, and there is room for 
improvement regarding the number of actions specifically 
focusing on soil. Most targets concerning soils are related to 
the field of agriculture.
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Box 4: Nature-based solutions Policy Platform

The Nature-based solutions Policy Platform183 hosted by 
Oxford University allows users to explore and compare 
how countries are planning for the impacts of climate 
change, and to link this to climate change adaptation out-
comes based on a systematic review of the peer-reviewed 
literature. This can support countries in the revision of 
their NDCs. However, in order to reach farmers and other 
land managers on the ground to strengthen the applica-
tion of NbS and ecosystem-based adaptation related to 
soil, it will be key to also enhance education, dissemina-
tion and advisory services.

Examples for NbS-related targets in the 
NDCs of Morocco and Tunisia
Many goals and intended actions in Morocco’s and Tunisia’s 
first NDCs are related to the three areas of NbS defined 
in Chapter 1: to protect, sustainably manage and restore 
ecosystems.

Examples from Morocco
→	 Protection of upstream river basins against silting and 

water erosion;
→	 Development of rangelands in a way that will combat 

desertification, enhance livestock farmers’ income and 
protect biodiversity;

→	 Planting of 447,000 hectares of olive trees in areas that 
are unfit for year-round crops to limit soil erosion and 
improve smallholder farmers’ income;

→	 Planting of argan trees on 38,000 hectares to enhance 
vulnerable communities’ resilience to climate change, 
increase carbon storage in biomass and soils, and indi-
rectly reduce the industrial and anthropogenic pressure 
on natural argan tree forests.

Examples from Tunisia
→	 Conservation of the ecological functions of low-lying 

coastal areas;
→	 Consolidation of water and soil conservation works 

through forestry, olive and fruit tree plantations;
→	 Promotion and development of conservation agriculture 

to store carbon in soil and limit the use of synthetic 
fertilizers;

→	 Promotion of organic agriculture in order to limit  
N2O emissions due to the use of fertilizers; 

→	 Biological consolidation of work to combat silting in  
the south of Tunisia and support the implementation  
of regional action plans to counter desertification.

National Adaptation Plans (NAPs)
Many developing countries are in the process of developing 
their national adaptation plans, but as of June 2021 only 22 
had finalized their first NAP.184 Most countries have identi-
fied threats to ecosystems and vulnerabilities in their NAPs 
and have included EbA measures to address them.185 Very 
few NAPs mention the mitigation co-benefits of EbA meas-
ures.186 In Latin American countries, the focus on ecosystem 
services and EbA is generally stronger than in other regions, 
and in the NAPs reference is also made to national biodiver-
sity strategies.187 

However, while many countries include EbA measures, 
in the majority of NAPs the term itself is not mentioned 
explicitly.188 This is particularly the case regarding proposed 
measures for climate change adaptation in the agricultural 
sector such as agroforestry, sustainable land management, 
or the use of organic matter to improve soil quality. Accord-
ing to Seddon et al., there seems to be a lack of understand-
ing on how best to integrate NbS into adaptation planning; 
therefore, they highlight “the need for policymakers and 
practitioners to be better supported as they translate theo-
retical NbS approaches into locally relevant actions”.189

In a large number of NAPs, reference is made to soil-related 
EbA measures that focus specifically on sustainable ecosys-
tem management, but also on ecosystem protection and 
restoration.

Examples for soil-related EbA targets 
in the NAPs of Fiji and Sri Lanka
Some projects and intended actions in Fiji’s and Sri Lanka’s 
NAPs are related to the three areas of EbA defined in Chap-
ter 1: conservation, sustainable management and resto-
ration of ecosystems as part of an overall strategy to help 
people adapt to climate change.

Examples from Fiji
→	 Integrating the management of natural resources rele-

vant to agriculture in land use so as to meet the needs of 
society without undermining the long-term sustainability 
of ecosystems;

→	 Adoption of sustainable soil and land management 
techniques to address soil erosion, desertification and 
increased soil salination, as well as to improve soil fertil-
ity, nutrient management, arability and soil restoration;

	→ Developing and applying practical on-farm approaches 
(demonstration sites); developing teaching materials; 
strengthening land-use planning across soil and climate 
zones that involves the participation of communities and 
land users; integrating pest management, controlled live-
stock grazing, cover crops, soil health, water-run off con-
trols, integrated crop-livestock farming and agroforestry 
into farm practices; and providing user-friendly guidelines 
and incentives for investing in organic farming.

https://www.nbspolicyplatform.org/
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Examples from Sri Lanka
→	 Improvement of farm water management: develop-

ment of water-efficient farming methods, promotion of 
on-farm rainwater harvesting, and promotion of waste-
water reuse;

→	 Improvement of farm and nursery management prac-
tices: improvement of cropping systems and conser-
vation farming practices; increase in the use organic 
matter to improve soil quality (integrated plan nutrient 
management); improvement in the management of 
shade trees as a climate change adaptation measure; and 
improvement of soil organic matter through biofertilizer 
development, agroforestry, and soil and moisture conser-
vation practices.

Soil-related ecosystem-based adaptation in Fiji’s NAP
Fiji’s NAP, submitted to the UNFCCC in 2018, emphasizes 
the importance of biodiversity and the natural environment 
for society and economic growth. It includes EbA as one of 
four approaches underpinning the NAP process, stressing 
social, economic and environmental co-benefits, as well as 
opportunities for alignment with other national sustainable 
development efforts and obligations.190 The NAP includes 
explicit links to biodiversity conservation and is seen as an 
additional vehicle supporting the implementation of Fiji’s 
NBSAP. It emphasizes that EbA can “provide a link between 
the United Nations Framework Conventions for climate 
change, biological diversity, and desertification”.191 

Soil is addressed in relation to agriculture, which plays 
an important part in the Fijian economy and is highly 
vulnerable to the effects of climate change. Fiji will thus 
aim to reduce vulnerability in the sector “by integrating 
the management of natural resources relevant to agricul-
ture in land use so as to meet the needs of society without 
undermining the long-term sustainability of ecosystems”.192 
Envisioned adaptation measures in the agricultural sector 
include an increased “adoption of sustainable soil and land 
management techniques to address soil erosion, desertifi-
cation, increased soil salination and to improve soil fertility, 
nutrient management, arability and soil restoration.” This 
is to be supported by developing and applying practical 
on-farm approaches (demonstration sites); developing 
teaching materials; strengthening land-use planning across 
soil and climate zones that involves the participation of 
communities and land users; integrating pest manage-
ment, controlled livestock grazing, cover crops, soil health, 
water-run off controls, integrated crop-livestock farming 
and agroforestry into farm practices; and providing user-
friendly guidelines and incentives for investing in organic 
farming. Where possible, nature-based and urban solutions 
are to be adopted.

National Biodiversity Strate-
gies and Action Plans (NBSAPs)
Under the CBD, parties have an obligation for national biodi-
versity planning. It was decided to continue using NBSAPs as 
a vehicle for biodiversity planning once the global biodiver-
sity framework is adopted. Countries will therefore be asked 
to update their NBSAPs, providing an important opportunity 
to strengthen synergies and linkages with other national pol-
icies193 and to facilitate the integration of soil-related climate 
change concerns into biodiversity policies, programmes and 
activities – something that is currently not widely applied.

In some countries’ NBSAPs, one can already find direct and 
indirect references to soil, with some countries also starting to 
integrate soil biodiversity in other areas, including food secu-
rity and agriculture. However, generally there is a lack of poli-
cies and programmes that focus on the specific aspects of soil 
biodiversity and that promote its conservation and sustaina-
ble use.194 In a recent review of the International Initiative for 
the Conservation and Sustainable Use of Soil Biodiversity, the 
current level of integration of measures related to the conser-
vation and sustainable use of soil biodiversity into NBSAPs 
and relevant policies, plans and programmes was assessed. 

Box 5: Soil-related measures in NBSAPs can include:

→	 The improvement of soil quality
→	 The conservation of soil biodiversity 
→	 The promotion of sustainable land and soil 

management.

Of the 170 NBSAPs that were reviewed, a large number 
of Parties implemented actions related to improving soil 
quality in general, of which only a small number recognized 
the importance of conserving soil biodiversity. Even fewer 
Parties considered the conservation of soil biodiversity by 
promoting sustainable agricultural management practices 
(including crop rotation, crop diversification, and use of 
organic fertilizers) and an even smaller number prioritized 
the conservation of soil biodiversity in order to maintain soil 
health and fertility. Despite the lack of direct reference to soil 
biodiversity, many Parties reported the promotion of sus-
tainable use and management of soils, mainly in agricultural 
systems. This included practices such as crop diversification, 
erosion-minimizing irrigation technologies, crop rotations, 
and agroforestry – all of which promote one or more of the 
three functions of soil (habitat, regulation and production). 
Many Parties developed incentives or compensation pro-
grammes to offset the extra costs associated with sustainable 
practices, or reformed subsidy schemes that encouraged the 
use of harmful agricultural chemicals.195 However, some Par-
ties also refer to techniques such as conservation agriculture 
and no-tillage farming, the effect of which on biodiversity 
conservation is debatable (see Chapter 3.3 above).
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Sustainable land / soil management in Pakistan’s NBSAP
The agricultural sector plays a significant role for Pakistan’s 
economy, “contributing approximately 22% to the country’s 
GDP, accounting for over 60% of exports, and employing 
more than 60% of the rural labour force”.196 Nearly 35% of the 
total land area is used for agriculture. Due to local conditions, 
this mostly relies on rainfed lands that are prone to desertifi-
cation, degradation, drought, flood and severe climate change 
impacts. Obsolete agricultural practices and associated chem-
ical pollution, along with the introduction of high-yielding 
varieties, are exacerbating the situation. One of the overall 
goals of Pakistan’s NBSAP is therefore “to mainstream 
biodiversity as an essential element of human development. 
This goal aims to increase awareness of how biodiversity and 
ecosystem goods and services contribute to human well-be-
ing, sustain development outcomes, and promote integration 
with key sectors”,197 including agriculture and climate change. 
While the interlinkages between biodiversity and climate 
change are generally referred to in the NBSAP, the relation-
ship between the targeted actions and the protection of soil 
biodiversity and climate change is not addressed specifically.

Two of the five strategies for the agricultural sector include 
explicit reference to soils:
→	 “Developing and promoting models of sustainable 

agriculture for major crops by managing organic matter, 
enhancing soil biotic activity, minimizing water losses 
and use of agro-chemicals”;

→	 “Restoring the bio diversification of agro ecosystems 
through crop rotations, cover crops, intercropping, 
crop / livestock mixtures, conservation of pollinators, and 
soil biodiversity”.198 

One of its targets is: “the considerations of sustainable 
agriculture, bio diversification of agro ecosystems,  
conservation of pollinators and soil biodiversity, wise  
use of transgenic organisms, and climate change will  
be incorporated in agriculture policies and plans.”199

Alignment of national strategies and guidelines
As for the international level, countries would also benefit 
from better alignment of national plans submitted to the 
three Rio Conventions. In order to facilitate reporting and 
tracking of NbS-related actions in these plans, the devel-
opment of common frameworks and indicators would be 
beneficial.200 Moreover, in order to truly promote soil-re-
lated EbA, countries also need to integrate relevant climate 
and biodiversity issues into sectoral policies and practices. 
The degree to which climate change is integrated into 
national sectoral policies varies significantly. In some cases, 
the increase in SSM practices in some areas is counteracted 
by an increase in harmful activities such as land-use change 
in other areas. As long as harmful sectoral practices are 
subsidized, the support for NbS is but a drop in the ocean. 

Key messages

	→ NDCs, NAPs and NBSAPs can be and in some cases 
are already used as vehicles for simultaneously 
addressing soil health, climate change and 
biodiversity conservation through the inclusion of 
NbS or EbA measures.

	→ While national climate and biodiversity policies also 
mention soil in relation to other areas (e.g. water 
management), most specific targets are formulated for 
the agricultural sector.

	→ Soil-related adaptation measures in NDCs include 
water protection, agricultural management 
practices such as sustainable land and soil 
management (SLM / SSM), climate-smart 
agriculture (CSA), agroecology and the restoration 
and protection of trees and forest areas.

	→ Soil-related mitigation measure in NDCs include 
conservation / organic agriculture to reduce 
emissions and store carbon, and the restoration 
and protection of tree plantations to increase 
carbon storage.

	→ Soil-related measures in NAPs include water 
and soil conservation, and the promotion of 
drought-preventing cropping systems and 
management practices such as SLM / SSM, CSA, 
organic / conservation agriculture and integrated 
soil fertility management.

	→ Soil-related measures in NBSAPs include the 
improvement of soil quality, the conservation of 
soil biodiversity, and the promotion of sustainable 
land and soil management.

	→ As at the international level, countries would also 
benefit from better alignment of national plans 
submitted to the three Rio Conventions and an 
integration of climate and biodiversity issues into 
other ‘mainstream’ sectoral policies and practices.
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6.	Soil governance

Having soil-related international strategies in place and 
translating them into national policies is important, but 
equally important are governance processes that determine 
the way soil is actually used and protected.

According to the IUCN Environmental Law Centre,  
“Governance is the means through which society defines  
its goals, priorities and moves towards decision-making  
at a global, national, or local level. It includes the:
→	 legal and policy frameworks;
→	 institutions; and
→	 processes and mechanisms,
through which citizens and other interested actors express 
their interests, exercise their rights, fulfil their obligations 
and resolve their differences.”201

The purpose of soil governance is to achieve SSM and to 
avoid soil degradation and conflict between different users. 
It therefore requires: 
→	 “international and national collaboration between 

governments, local authorities, industries and citizens to 
ensure implementation of coherent policies”;202 

→	 effective and fair formal and informal institutions; 
→	 involvement and clear roles and mandates of all relevant 

actors from government, civil society and the private 
sector. 

According to IPBES, both the effectiveness of adaptation 
planning as well as socioeconomic outcomes of restoration 
projects highly depend on governance structures.203 There-
fore, social principles, including governance and equity, are 
seen as equally important as biophysical aspects for SSM 
approaches.204

6.1	 What are common challenges regarding soil 
governance? 

There are many challenges that impede smooth governance 
processes related to soil. These include:

1.	 Fragmentation – No ‘Ministry of Soil’
Given the range of ecosystem services delivered by soil 
and the many land use activities that are related to soil, 
it is inevitable that many government departments, 
agencies and stakeholders have an interest in participat-
ing in soil governance and policy development, or have 
a role in delivering outcomes. In many countries, soil 
governance is therefore highly fragmented.205 One of the 
results is that many interventions focus on one specific 
driver of land degradation in a given sector, despite 

the fact that degradation is rarely caused by a single 
factor.206 Further, insufficient collaboration between 
relevant ministries that are often dominated by very 
different interest groups and lobbyists can lead to the 
development of conflicting regulations.207

    → Example: Multilevel soil policies in Colombia
Colombia aims to address the importance of soils 
by promoting the implementation of soil policies at 
different levels, by encouraging regional and national 
decision-makers to provide technical, human and 
financial support. Yet as three different ministries are 
responsible for soil policies and activities, the result is 
fragmentation. In order to include soil considerations in 
environmental protection and the activities of pro-
ductive sectors, awareness of soil biodiversity and the 
implications of its loss need to be raised. But while there 
are regulations and policies related to soil biodiversity 
in place in Colombia, the integration of the topic into 
inter-sectoral and inter-institutional policies and pro-
cesses could be strengthened further.208

2.	 Public good vs. private property
Soil can be seen as both private property and a common 
good. On the one hand, it is attached to land, which is 
often privately owned and seen as a private concern, e.g. 
by farmers. In addition, more and more land is owned 
as an investment by non-agricultural investors or by 
global agribusinesses. On the other hand, soil is a natural 
resource and part of wider biogeochemical cycles and it 
provides crucial ecosystem services (see Chapters 2 and 
4), making it a public good.209 These interlinkages can 
also have economic consequences, as the Sustainable 
Soils Alliance highlights: “ Effective soil governance 
must address these tensions”.210

3.	 Long timescales involved in soil change
The impact various activities have on soils often 
becomes evident only after a long period of time; this 
can hinder a timely response by communities and 
institutions before critical and irreversible thresholds 
for some species or ecosystem services are exceeded.211 
This aspect is usually not covered by environmental law, 
and thus ‘soil offenders’ often cannot be held account-
able once degradation becomes apparent. However, 
the impacts of SSM or restoration measures can also be 
associated with considerable time lags212 (see Chapter 4) 
and potential successes cannot be communicated in the 
short term.
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4.	 Intergenerational equity
Human population growth, the intensification of agri-
culture and other land use, unsustainable land and soil 
management practices, climate change and other driv-
ers lead to more and more pressure on soil resources, 
rendering the achievement of intergenerational equity 
a difficult challenge. When taking intergenerational 
equity into account, attention should be paid to three 
interlinked key dimensions: (i) distribution of bene-
fits and costs between different actors / generations; 
(ii) equity regarding procedures such as participation, 
accountability and dispute resolution – this is at times 
impeded by differences in capacity or power between 
different actors, which also applies to different gener-
ations, some of which are not yet able to defend their 
rights and interests; and (iii) recognition of relevant 
actors and their rights, knowledge and values, including 
future generations.213

Beyond these considerations, there is a multitude of other 
challenges such as tenure rights; reactive processes; weak 
enforcement of existing policies, laws and regulations; 
a weak information base (both on status of soils and on 
governmental plans); unclear assignment of responsibilities; 
and international trade policies that render sustainable 
production less competitive.

Key messages

	→ Having soil-related international strategies in place 
and translating them into national policies is not 
enough, as the way soil is used and protected also 
heavily depends on governance processes.

	→ Soil governance requires: (i) international and 
national collaboration between all relevant 
stakeholders from government, civil society and 
the private sector; (ii) effective and fair formal and 
informal institutions; and (iii) the involvement 
and clear roles and mandates of all relevant 
stakeholders.

	→ Of the many challenges characterizing the 
weak institutional contexts that persist in many 
countries, the fragmentation of responsibility, 
public vs. private ownership and long timescales 
for soil change and intergenerational equity pose 
particular challenges for smooth governance 
processes related to soil. 

6.2	 What is needed for sustainable soil governance and 
management?

In its report ‘Creating an Enabling Environment for Land 
Degradation Neutrality and its Potential Contribution to 
Enhancing Well-being, Livelihoods and the Environment’, 
the Science-Policy Interface (SPI) of the UNCCD argues that 
the achievement of Land Degradation Neutrality depends 
on: (i) an appropriate enabling environment, which includes 
institutional, policy-regulatory, financial and science-pol-
icy dimensions; and (ii) on measures that provide multiple 
benefits, i.e. for the environment, livelihoods and human 
well-being. As this also applies to other objectives of sus-
tainable soil governance and management, the following 
section will look at these dimensions in more detail.

1.	 Policy-regulatory dimension
Coherence is crucial for effective soil governance and 
management. This can be achieved through vertical and 
horizontal coordination and collaboration.

Horizontal integration concerns the collaboration 
across countries, for example through international, 
regional or bilateral legally binding and non-binding 
agreements, and across relevant governmental depart-
ments within one country. The latter can materialize 
in, for instance, policies from one sector taking into 
account and referring to another sector’s objectives 
and policies. Since soil-related matters do not halt at 
national borders, cross-boundary collaboration, such 
as for water management and disaster risk reduction, is 
key. Trade policies must be revised in order to counter-
act the fact that products are less competitive on the 
world market due to SSM.

Vertical integration concerns collaboration between 
different levels, i.e. from international, regional and 
bilateral agreements over national legislation, insti-
tutions and processes down to the local level of 
implementation. According to the FAO, “International 
agreements on soil and land resources are helpful but 
they are all to no avail unless there are complementary 
policies and coordinated activities at regional, national, 
district and local levels. Appropriate and effective 
policies need to reflect the local context in terms of the 
natural resource issues, cultural acceptability and eco-
nomic feasibility.”214 At the national level, international 
agreements should thus be translated into appropriate 
national policies, laws and regulations, taking the spe-
cific country context and local conditions into account. 
In order to create an enabling environment for SSM, a 
range of legal and regulatory, rights-based, economic 
and financial, social and cultural policy instruments 
could be applied such as: the inclusion of customary 
norms and support for Indigenous and local knowledge; 
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strengthening human capacity, including through 
academic education and development of well-educated 
advisory services, research and technology develop-
ment, and institutional reform215 (see also the institu-
tional, financial and science-policy dimensions, below).

Local implementation efforts rely on a sound national 
framework, which provides farmers and other land 
managers with the necessary means, commitment and 
control to restore, maintain or improve the quality of 
land, including appropriate tenure rights.216 As large 
investors are usually not interested in SSM or in partici-
patory approaches, countries would benefit from imple-
menting the Voluntary Guidelines on the Responsible 
Governance of Tenure of Land, Fisheries and Forests 
in the Context of National Food Security217 in order to 
attempt to combat land grabbing.

    → 	Example: Securing farmer commitment 
through tenure in the Philippines

Effective soil conservation in the Philippines has been 
attributed to improved land tenure. As this also helps 
maintain productivity and thereby income, it provides a 
two-fold security to farmers. Scientific evidence shows 
that farmers are more inclined to invest in sustaina-
ble soil and land management practices if they know 
they will profit from long-term benefits.218 In contrast, 
insecure land tenure, involving family and communal 
land, is believed to lead to an increase in unsustainable 
land use.219

2.	 Institutional dimension
Inclusive local governance could be strengthened 
through the active participation of civil society, local 
communities and the private sector, e.g. by supporting 
the institutionalization and strengthening of farmers’ 
organizations and networks,220 by including rights 
holders that are identified as the beneficiaries of soil 
management measures from the outset of projects,221 
and by engaging the private sector through, inter alia, 
information sharing, clear, stable and inclusive insti-
tutions, policies and regulations, and capacity building 
to develop selected adaptation activities.222 In order to 
achieve SSM, the various interests must be thoroughly 
balanced against each other, which will especially 
require closer collaboration between agriculture and 
environment communities.223 The development and 
revision of national climate and biodiversity policies  
can be used to initiate such processes.

A strong coordinating mechanism and institution can 
help increase communication, coordination and 
collaboration when developing strategies, policies and 
processes on soil use and protection that also contribute 
to climate change mitigation and adaptation and the 
conservation of biodiversity. The often limited influence 
and oversight of sectoral ministries such as the Ministry 
of Environment might lead to weak coordination. 
Therefore, providing the Planning or Finance Ministry 
with the task of coordinating the development of 
strategies policies and processes related to soil can be 
more successful. However, other relevant ministries, 
such as the Ministries of Agriculture and Environment, 
still need to play a key role in this process.224 

Example: Database 
on soils-related 
legal and policy 
instruments

Box 6: The ‘Tara Bandu’ regime as an important entry point for facilitating community-led climate change 
adaptation in Timor-Leste225

Tara Bandu is a Timorese customary rule that focuses on peace and reconciliation through public agreements, covering 
aspects of reducing or preventing community conflict, protecting the environment, managing natural resources and improving 
community well-being. Regulating the use of natural resources through Tara Bandu dates back to pre-colonial times and has 
regained importance since independence in 2002, when the regime was protected in the country’s Constitution.

Tara Bandu is an important starting point for increasing the involvement of local communities in efforts to build resilience 
to environmental challenges. Communities throughout Timor-Leste have introduced new Tara Bandu resource management 
regulations that include forest conservation areas, no-fishing zones, and bans on certain destructive fishing methods and on 
harvesting certain species. The NAP process will continue to use existing and future Tara Bandu mechanisms to encourage 
communities to plan and implement locally appropriate measures for climate change adaptation. This includes EbA measures 
that provide co-benefits, such as regarding sustainability of harvests and ecosystem service provision. In addition, through Tara 
Bandu the NAP process can contribute to peace building and reconciliation at the local level.
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3.	 Financial dimension
The availability of financing from various sources is seen 
as another important factor for an enabling environ-
ment for sustainable soil governance and management. 
A lack of finance is seen as a major obstacle for imple-
menting SSM and reaching related targets.226 Only a frac-
tion of climate finance promotes NbS. In 2018, merely 
1.5% of all public international climate finance was used 
to fund NbS for adaptation in developing countries.227

The proportion that also benefitted soils was probably 
minimal. A first step needs to be the assessment of actual 
financing needs for SSM, including medium- to long-
term operational, monitoring and enforcement costs.228

Further, assessing the economic value of soil ecosys-
tem services can deliver the rationale for an increase 
in investments in soil protection and sustainable use. 
If the value of land and soils, including for climate 
change adaptation and mitigation, is understood more 
broadly, appropriate incentives for its protection could 
be developed; this must, however, be part of an enabling 
environment that also takes the equitable distribution 
of the benefits into account.229

    → Example: Economic assessment of land degradation 
The Economics of Land Degradation (ELD) Initiative 
aims to “transform global understanding of the value of 
land and to create awareness of the economic case for 
sustainable land management in preventing the loss of 
natural capital, preserving ecosystem services, combat-
ting climate change, and in addressing food, energy, and 
water security”. It is “an international collaboration that 
provides a global assessment of the economics of land 
degradation, and highlights the benefits of sustainable 
land management. Working with a team of scientists, 
practitioners, policy-/decisionmakers, and all interested 
stakeholders, the initiative endeavours to provide a 
scientifically robust, politically relevant, and socio-eco-
nomically considerate approach that is economically 
viable and rewarding. […] Understanding the cost of 
inaction and benefits of action are important in order 
for stakeholders to be able to make sound, informed 
decisions about the amount and type of investments in 
land they make. […] If the full value of land is not under-
stood by all stakeholders, it may not be sustainably 
managed, leaving future generations with diminished 
choices and options to secure human and environmen-
tal well-being.” In contrast, knowing the economic value 
of land enables communication between actors and 
allows them to decide between alternative land uses.230

4.	 Science-policy dimension
In order to strengthen the sustainable use and protec-
tion of soils, it is essential to understand barriers to 
soil governance. These, along with potential policy and 
governance elements to develop incentives, coordi-
nate between sectors and handle resistance, need to be 
assessed and the results presented to policymakers and 
decision makers.231

Knowledge of, and capacities to implement, SSM meth-
ods need to be increased in many countries. The SPI 
suggests fostering research to develop context-specific 
governance instruments that contribute to avoiding, 
reducing and reversing land (and soil) degradation.232

There is a need not only for science at government level, 
but also for community learning processes in which 
local populations (including farmers, Indigenous Peo-
ples and pastoralists) are involved and can contribute 
their knowledge of land management and learn new 
techniques (co-learning). Countries can support each 
other by exchanging their experiences related to laws, 
policies and implementation.

    → 	Example: Database on soils-related 
legal and policy instruments

SoiLEX is a new online platform launched by FAO, 
which enables access to existing legal and policy instru-
ments related to soils and connection between relevant 
stakeholders. It is a further development or rather spin-
off from the already existing FAOLEX platform, a large 
database of legal frameworks and instruments related 
to natural resource management, food and agriculture 
more generally. Creating a sub-database on soil enables 
more precise searches for legal instruments specifically 
related to soil, an understanding of relevant legal areas, 
and the exchange of experiences in soil governance 
between countries and regions. Results can be sorted  
by country profiles or by soil-related keywords. The 
database can be accessed under the following link: 
http://www.fao.org/soils-portal/soilex/en.

http://www.fao.org/soils-portal/soilex/en/
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Key messages

	→ Enabling effective soil governance and management 
will require:

	→ coherence, which can be achieved through vertical 
and horizontal coordination and collaboration;

	→ a sound national framework, providing farmers 
and other land managers with the necessary 
means, commitment and control to restore, 
maintain or improve the quality of land, including 
appropriate tenure rights;

	→ inclusive local governance strengthened by 
the active participation of civil society, local 
communities and the private sector;

	→ a strong coordinating mechanism and institution, 
improving communication, coordination and 
collaboration when developing soil strategies, 
policies and processes;

	→ the availability of financial means from various 
sources;

	→ an understanding of the barriers for soil 
governance; and

	→ knowledge and capacities to implement SSM 
methods.

	→ The development and revision of national and local 
climate and biodiversity policies can be used to initiate 
inclusive processes.

6.3	 An enabling environment for sustainable soil 
governance and management

As shown in the previous chapter, policy interventions to 
integrate the topic of SSM are needed on various levels: 
on the one hand, climate change adaptation through SSM 
can be incorporated into broader development plans and 
activities at the national and project levels. However, since 
vulnerability and response options are highly sector-spe-
cific, important steps and decisions on adaptation also need 
to be taken at the sectoral level. Mainstreaming climate 
change impacts and adaptation options, including NbS, is 
of particular importance for those areas and sectors that 
are inherently vulnerable to climate risks, including the 
management of soil.

To reduce complexity, it is helpful to identify basic areas 
(or dimensions) in which mainstreaming becomes evident. 
For example, the degree of mainstreaming is detectable in 
the degree to which institutional arrangements allow for 
multi-sectoral collaboration. It also becomes evident in the 
degree to which policies are coherent, and corresponding 
instruments are in place, e.g. to solve conflicts of inter-
est between those agencies aiming to increase adaptive 
capacities and those aiming to achieve other development 
objectives. The degree of mainstreaming of soil-related 
adaptation is also reflected in the variety of adaptation 
options considered, as well as in the amount and variety 
of financial resources available. And it is observable in the 
social sphere, e.g. when assessing the importance the public 
attaches to climate risks and adaptation options.

In order to assess the environment for sustainable soil gov-
ernance and management, including its multiple benefits 
and how well related topics are integrated into a country’s 
or a region’s political and governance processes, policies and 
programmes, the tool ‘Five Dimensions of Mainstreaming 
Climate Change Adaptation’ can be applied.

See framework on next page →
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The five dimensions of mainstreaming climate change adaptation
The five dimensions framework of mainstreaming climate change adaptation (CCA) tool aims at providing practitioners and policy-
makers with a structured and easy-to-use approach to reflect on mainstreaming in their specific working contexts. Due to its basic 
nature, it is applicable in different contexts and can be used with varying depths of information (ranging from a rough assessment 
to an in-depth analysis) according to the specific demand and time budget.

The framework describes five dimensions on a continuum:

1.	 Institutional arrangements

2.	 Policies and regulations

3.	 Scope of adaptation options

4.	 Financial and human resources

5.	 Public awareness and participation.

On the one side of the continuum, there is a low degree of CCA mainstreaming, while on the other there is a high degree of 
mainstreaming CCA into a given sector. The framework allows for a relative assessment along each dimension. The resulting 
profile describes the status quo of CCA mainstreaming in the sector of a given country or region. It provides a starting point 
for a more systematic discussion about the integration of climate change adaptation, helping to form a common understand-
ing among different stakeholders of where progress has been achieved and where it can realistically be made in the future. 
Exemplary for the agricultural sector, the figure below shows a more detailed description of the two sides of the continuum. 
The tool can, however, be applied to any sector.

Box 7: The five dimensions of mainstreaming climate change adaptation, in the context of soil management

Low degree of mainstreaming    High degree of mainstreaming

1. Institutional arrangements

CCA is taking shape as an area of action only for the  
Ministry of Environment (MoE).

All relevant soil related agencies are concerned with climate 
change impacts on soil resources and adaption options.

There is no focal point institution coordinating CCA  
integration among different governmental agencies 
related to soil and no coordination mechanisms in place.

There is a strong focal point institution coordinating CCA  
integration among different agencies related to CCA in the  
area of soil and coordination mechanisms are in place.

The multilateral environmental agreements are  
only implemented by the Ministry of Environment.

The multilateral environmental agreements are implemented  
in an integrated, synergetic manner.

2. Policies and regulations

There is a tendency towards “soft” instruments (informa-
tive and voluntary) to raise awareness for soil related CCA.

There is a coherent legal framework for integrating CCA  
into soil related policies and processes.

The development of soil policies and projects is not 
informed by up-to-date climate risks and vulnerability 
assessments and projections.

The development of soil policies and projects is informed  
by up-to-date climate risk and vulnerability assessments  
and projections.

Relevant standards and regulations are rigid and cannot 
be adapted when more detailed information on climate 
risks become available.

There is a high degree of flexibility of relevant standards and 
regulations to facilitate the eventual consideration of climate 
risks as they become available.



3333

SOILS AS ECOSYSTEMS

Low degree of mainstreaming    High degree of mainstreaming

3. Scope of adaptation options

Soil policies and programmes do not consider climate 
change impacts and adaptation options.

All relevant soil policies and programmes consider climate 
change impacts and adaptation is a key objective.

There are no cross-sectoral policies and measures to 
adapt to climate change.

There are cross-sectoral policies and measures to adapt to 
climate change.

There is a narrow focus on a few soil related adaptation 
options.

A variety of adaptation options related to soil are applied, 
including ecosystem-based adaptation (EbA).

4. Financial and human resources

There is an emerging (small) budget for implementation 
of soil related CCA within the MoE.

There is a large budget from a variety of sources for soil related 
CCA through a variety of instruments.

Soil related investments are not informed by climate risk 
scenarios.

Soil related investments take climate risk scenarios into 
account at an early stage.

Research, knowledge and competencies to integrate  
considerations of CCA into the area of soil are lacking.

There is sufficient research, knowledge and competencies to 
integrate considerations of CCA into the area of soil.

5. Public awareness and participation

The general public does not know about climate change-in-
duced risks for soil resources and about adaptation options.

There is strong awareness of climate change impacts on soil 
resources and various adaptation options, including EbA.

Only a limited number of actors participates in the  
implementation of soil related adaptation measures.

Many stakeholders, including the scientific community and the 
private sector, participate actively.

Beste and Lorentz 2022, adapted from GIZ (2016)233

Key messages

	→ Similar to other sectors linked to climate change adaptation, an enabling environment for soil management depends on 
institutional arrangements; policies and regulations; the scope of adaptation options; and financial and human resources 
and public awareness and participation.

	→ The Five Dimensions Framework of Mainstreaming Climate Change Adaptation is a tool that can be used to assess the 
enabling environment for sustainable soil governance and management in a given sector for a particular country or region. 
It provides a starting point for a more systematic discussion about the integration of climate change adaptation and helps 
form a common understanding among different stakeholders of where progress has been achieved and where it can 
realistically be made in the future.
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7.	Conclusions

As this guidebook has shown, sustainable soil management 
(SSM) is critical to ecosystem-based adaptation approaches in 
agricultural systems. Farming systems that integrate SSM are 
able to stabilize agroecosystems and lead to higher and more 
stable yields over the long term, compared with intensive 
agriculture. They require fewer external inputs, help to make 
better use of fertile land, and can improve less fertile land. 
They also reduce the pressure on natural ecosystems that 
would otherwise continue to be converted for agriculture.

Healthy soils can be a critical aspect of EbA Following the 
elements of SSM described above can create more resilient 
ecosystems by protecting essential ecosystem services and 
resources, thereby increasing food security and livelihoods 
in rural regions while reducing pressure on natural eco-
systems. By adopting nature-based solutions (NbS) such as 
ecosystem-based adaptation (EbA), farmers can significantly 
increase their productivity while adapting to climate risks. 
The three core soil functions are key to this: provision of 
habitat for both plants and animals; regulation of water, 
organic and inorganic matter through filtering, buffering, 
transformation and storage; and production of food, feed 
and biomass. These soil functions, together with other eco-
system functions, enable the provision of certain essential 
ecosystem services. Only when soils are able to perform all 
three functions are they considered to be healthy.

Soils are affected by climate change in a multitude of dif-
ferent ways, but most of all by a fundamentally altered water 
cycle around the world. This leads to increased drought that 
destroys soil organisms, often in combination with extreme 
rainfall events that trigger erosion and soil loss. Areas with 
intact vegetation cover usually are not only cooler but also 
have a far more stable microclimate and are less affected by 
extreme temperature changes. Yet too often the links among 
soil, vegetation and climate are not properly appreciated. 

Soils as carbon sinks – and thus as contributors to climate 
change mitigation – is currently a subject of much debate. 
Wetlands and peatlands are a major carbon store and it is 
crucial to protect and restore these biomes. As far as farming 
on mineral soils is concerned, the largest contribution to cli-
mate change is the production and application of synthetic 
nitrogen fertilizer. Legumes should play a decisive role here, 
with the potential to save more than half of the greenhouse 
gas emissions produced by fertilisation. Storing carbon in 
the soil as a form of sequestering it from the atmosphere 
has limited climate protective potential, increases slowly 
and is reversible. 

The potential contribution of soils to climate change adap-
tation is often overlooked. SLM and SSM are two NbS in 
agriculture that offer huge potential for climate adaptation. 
They provide multiple ecologic and economic advantages 
such as more reliable crop yields, greater conservation of 
biodiversity, and avoided costs from the need to protect 
groundwater and drinking water from over-fertilization and 
use of pesticides. The three essential elements of SSM are:
→	 increasing soil organic matter, 
→	 promoting soil life, and 
→	 promoting diversity above and below the ground.
 
These three elements aim to support interactions in the 
soil ecosystem, leading to a healthy, resilient and fertile 
soil. Following these elements can support biodiversity and 
stabilize the land-use system as a whole against climate 
shocks and other stressors – which is crucial for adaptation 
to climate change. 

Most SSM practices are rooted in Indigenous and / or local 
knowledge of small-scale farmers. Farming systems – 
particularly organic farming, agroecology and agroforestry 
– have gained a lot of attention over the last years. Their 
positive effects are increasingly proven through basic 
research and are being empirically confirmed in many 
projects worldwide. These farming systems put a particular 
focus on the interplay within different farming elements to 
protect soil, biodiversity and the health and livelihoods of 
people. Agricultural and soil management systems that pro-
mote biodiversity above and below ground can be climate 
resilient and highly productive without polluting water and 
soil or overstressing natural ecosystems.
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Sustainable soil management needs 
a coherent policy framework
Soils and their sustainable management have long been 
neglected in international and national policy frame-
works. The growing number of international strategies, 
policies and initiatives in recent years shows that they are 
gaining more attention. Still, in many areas the focus on 
the interlinkages is weak and not made explicit through 
soil-specific targets. For two-way mainstreaming, aspects 
related to climate change and biodiversity need to be inte-
grated into soil and agricultural policies, while soil matters 
need to be integrated into other policy areas, including 
biodiversity and climate change.

The national strategies for climate change and biodi-
versity conservation (NDC, NAP and NBSAP) show the 
importance of soil management in practice. Soil-related 
adaptation measures include water and soil conservation 
and agricultural management practices such as sustainable 
land and soil management (SLM / SSM). While climate pol-
icies put a more general emphasis on agricultural systems 
such as agroecology and organic farming, which have ben-
efits for soils,, biodiversity conservation strategies mention 
soil quality and soil biodiversity more explicitly.

The way soil is used and protected also depends heavily  
on governance processes, which are still weak in many 
contexts. Soil governance requires:
→	 international and national collaboration between all 

relevant stakeholders from government, civil society  
and the private sector; 

→	 effective and fair formal and informal institutions; 
→	 the involvement and clear roles and mandates  

of all relevant stakeholders. 
 

This needs to address soil-specific challenges like the frag-
mentation of responsibility, public vs. private ownership 
and the long time scales needed for soil change. Supporting 
an enabling environment for soil management also means 
strengthening institutional arrangements, policies and 
regulations, as well as enhancing the scope of adaptation 
options, financial and human resources, public awareness 
and participation. The development and revision of national 
and local climate and biodiversity policies can be used to 
initiate inclusive processes to enhance soil management in 
the areas of climate change and biodiversity conservation.

Lessons learned for practice and policy development
As this guidebook has shown, healthy soils and the eco-
system services they sustain deserve greater attention in 
practical implementation and political frameworks. How-
ever, the connections between soil health, biodiversity and 
climate change mitigation and adaptation must be better 
understood by both practitioners and policymakers. Greater 
effort is needed to integrate the principles of EbA and SSM 
into national, regional and international policies, in order to 
build momentum for the achievement of global goals. 

See recommendations on next page →
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Recommendations for practitioners

1.	 Explicitly adopt and implement sustainable soil  
management practices as part of NbS and EbA  
projects to reduce the risk of climate-related impacts  
(e.g. through erosion and reduced soil quality,  
which impact biodiversity and food security): 

→	 Increasing soil organic matter through compost  
and diverse root systems brings multiple benefits,  
e.g. by supporting soil structure, nutrient exchange,  
water infiltration and cleaning capacity. 

→	 Compost and diverse root systems also promote soil  
life, which increases nutrient supply for plants and 
resilience against biological and climate stressors; 
it is thus the basic condition for climate-resilient 
agriculture. 

→	 Intercropping and crop rotation promote diversity  
above and below ground through extensive, network- 
like roots systems. 

2.	 Enhance farming systems adopting agroecological 
approaches that build on the Indigenous and local 
knowledge of small-scale farmers, in particular organic 
agriculture, agroforestry, permaculture, and regenerative 
agriculture. These systems put an emphasis on creating 
benefits for food production and biodiversity by enhanc-
ing agrobiodiversity, building on mixed systems and 
explicitly stabilizing and enhancing soil health.

Recommendations for policymakers

1.	 Set specific targets related to healthy soils in international 
strategies on climate change and biodiversity, and further 
strengthen strategic alliances between international 
institutions working under the three Rio Conventions 
(UNFCCC, CBD, UNCCD).

2.	 At the national level, countries should enhance soil 
management at different levels:

→	 Elaborate policies and programmes at national 
level focusing on specific aspects of soil for climate 
change adaptation. Rather than stating general 
farming systems, they should specify which meas-
ures are understood and promoted as SSM to avoid 
‘greenwashing’.

→	 Use the elaboration and revision of NDCs, NAPs and 
NBSAPs as an opportunity to further integrate soil 
health, climate change and biodiversity conservation 
through the inclusion of NbS or EbA measures.

→	 Support the integration of climate and biodiversity 
issues into other ‘mainstream’ sectoral policies and 
practices such as agriculture, water and tourism.

3.	 Enable effective soil governance and management 
through, inter alia, the following measures:

→	 Increase vertical and horizontal coordination and 
collaboration between political actors to strengthen 
coherence.

→	 Provide farmers and other land managers with  
the necessary means, commitment and control  
to restore, maintain or improve the quality of  
soil, including appropriate land tenure rights.

→	 Strengthen inclusive local governance through  
the active participation of civil society, local  
communities and the private sector.

→	 Strengthen coordinating mechanisms and insti-
tutions to improve communication, coordination 
and collaboration when developing soil strategies, 
policies and processes.

4.	 Systematically assess the different elements of an 
enabling environment for soil management in a given 
sector for a particular country or region, e.g. through tools 
like the ‘Five Dimensions Framework of Mainstreaming 
Climate Change Adaptation’. This enables a structured 
discussion and the evolution of a common understanding 
among different stakeholders on past progress and future 
steps to enhance soil governance.
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Annex 1 – Glossary

Aggregate stability – Aggregate stability refers to the ability 
of soil aggregates to resist disintegration when disruptive 
forces associated with tillage and water or wind erosion are 
applied.

Ecosystem-based adaptation (EbA) – A strategy for adapt-
ing to climate change that harnesses nature-based solutions 
and ecosystem services. 

Exchange capacity – Ability of soil particles to react with 
molecules. If the exchange capacity is low, not many mol-
ecules are able to bind (react) to the particle surface. If it is 
high, a larger number of molecules can bind to the particle’s 
surface. This is important for nutrient storage and exchange.

Ecosystem services – The direct and indirect contributions 
of ecosystems to human well-being.

Land Degradation Neutrality (LDN) – A state whereby the 
amount and quality of land resources necessary to support 
ecosystem functions and services and enhance food security 
remain stable or increase within specified temporal and 
spatial scales and ecosystems. 

Mycorrhiza – A mycorrhiza is a mutual symbiotic associ-
ation between a fungus and a plant. The term mycorrhiza 
refers to the role of the fungus in the plant’s rhizosphere, 
its root system. Mycorrhizae play important roles in plant 
nutrition, soil biology, and soil chemistry.

National Adaptation Plan (NAP) – The NAP Process is 
meant to help countries reduce vulnerability, build adaptive 
capacity and mainstream adaptation in development plan-
ning by identifying key medium and long-term adaptation 
needs and set strategic goals, which can include identifying 
and prioritizing the role of nature in adaptation. The NAP 
process should serve as a concrete process for achieving 
adaptation goals set out in a country’s NDCs.

National Biodiversity Strategy and Action Plan (NBSAP) – 
A national biodiversity strategy will reflect how the 
country intends to fulfil the objectives of the Convention 
on Biological Diversity (CBD) in light of specific national cir-
cumstances, and the related action plan will constitute the 
sequence of steps to be taken to meet these goals.

Nature-based solutions (NbS) – Actions to protect, sustain-
ably manage and restore natural and modified ecosystems 
in ways that address societal challenges effectively and 
adaptively, to provide both human well-being and biodiver-
sity benefits. 

Plant root exudates – Are fluids emitted through the roots 
of plants. These secretion influence the rhizosphere around 
the roots to inhibit harmful microbes and promote the grow 
of self and kin plants. 

Soil fabric – The physical arrangement of particles and 
particle groups in different patterns is known as soil fabric. 
Soil structure includes soil fabric as well as the intra- and 
inter-particle forces of attraction and repulsion.

	

https://en.wikipedia.org/wiki/Rhizosphere
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Annex 2 – Selected case studies

Following are just a few case studies that highlight work on 
issues covered in this guideline. 

    → Region: Philippines
 
Institutions: World Agroforestry (ICRAF), Integrated Nat-
ural Resources and Environmental Management Project 
(INREMP)

Main focus: agroforestry, soil conservation, improving 
income of farmers

The project has established learning sites in a commercial 
forestry area, that show examples for the combination of 
conservation farming, agroforestry and commercial tree 
plantations. This is accompanied by the development of a 
teaching concept, so that farmers can more easily under-
stand the ‘science, art and businesses of agroforestry and 
sustainable land management as a whole.

Of note: The concept encourages farmer-to-farmer sharing 
of knowledge, which has been proven more effective than 
other kinds of teaching methods.

More Information: 
https://worldagroforestry.org/blog/2021/06/23/power-proof-
how-model-farms-philippines-encouraged-expansion-scale-
agroforestry 
 

    → Region: Brazil
 
Institutions: International Centre for Research in Agroforestry 
(ICRAF), Renova Foundation, WRI Brazil, Fazenda Ecológic

Main focus: agroforestry, climate change adaptation, land 
rehabilitation

Farmers affected by the collapse of the Samarco dam four 
years ago in Mariana (MG) are receiving advice to diversify 
their production through Agroforestry Systems (AFS), a 
model that seeks to merge in a single area different agri-
cultural crops and forest species capable of establishing a 
harmonious relationship. For example, the banana tree is 
used to exemplify how to integrate species. Pruned, it serves 
as organic fertilizer for other species. In addition, it retains 
water in its roots, which can contribute to the development 
of certain plants in its vicinity. The plantations are com-
bined with ecological pasture management models due to 
the predominance of milk production in the region.

Of note: Model open to the community, which will serve 
as an example for others. Evaluation through a systemic 
approach based on 21 indicators of social, economic and 
environmental elements.

More Information:  
https://worldagroforestry.org/blog/2019/11/21/agricultural-
areas-affected-mariana-bet-diversifying-production 

    → Region: Egypt
 
Institutions: SEKEM

Main focus: developing intensive agroecological farming 
under difficult natural conditions

A nearly 30-year old project with an extraordinarily diverse 
commitment in the areas of ecology, economy and culture. 
Holistic approach focusing on sustainable, organic agricul-
ture to restore and maintain the vitality of the soil and food 
as well as fostering biodiversity. Reclaimed 684 hectares of 
desert land, all of which were 100% operated by biodynamic 
and sustainable agriculture methods.

Of note: Support of social and cultural development by 
enabling and promoting knowledge transfer and education.

More Information: 
https://www.agroecology-pool.org/portfolio/sekem_initiative 

https://worldagroforestry.org/blog/2021/06/23/power-proof-how-model-farms-philippines-encouraged-expansion-scale-agroforestry
https://worldagroforestry.org/blog/2021/06/23/power-proof-how-model-farms-philippines-encouraged-expansion-scale-agroforestry
https://worldagroforestry.org/blog/2021/06/23/power-proof-how-model-farms-philippines-encouraged-expansion-scale-agroforestry
https://worldagroforestry.org/blog/2019/11/21/agricultural-areas-affected-mariana-bet-diversifying-production
https://worldagroforestry.org/blog/2019/11/21/agricultural-areas-affected-mariana-bet-diversifying-production
https://www.agroecology-pool.org/portfolio/sekem_initiative/
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