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ABSTRACT
Soil carbon is the major active pool of terrestrial carbon, and as such, soil organic
carbon (SOC) targets, policies and measures will be pivotal to achieving global
climate targets. SOC sequestration may reduce the net annual greenhouse gas
emissions from Agriculture, Forestry and Other Land Use by between 3% and 71%,
while simultaneously supporting various ecosystem services. Accurate SOC
accounting and monitoring, however, is constrained by various technical
challenges related to indicators, rates of SOC change, measuring the impact of
management practices on SOC, and the long-term persistence of sequestered SOC.
We assessed countries’ pledges to the Paris Agreement for SOC in agriculture to
better understand the level, transparency, and specificity of commitments.
Reviewing 184 countries’ initial Nationally Determined Contributions (NDCs), we
considered whether SOC was included, what was pledged, the level of ambition
promised and the specificity of mitigation targets. Twenty-eight countries referred
to SOC in their NDCs, citing quantified or unquantified mitigation targets, national
policies or programs, and actions and measures to be implemented in agricultural
lands (14), peatlands (6) or wetlands (14). Countries’ reasons for not including SOC
in NDCs included the need to prioritize goals of sustainable development and food
security above climate mitigation, a lack of incentives for farmers to improve
management practices, and the difficulty of accurately monitoring changes in SOC.
Including SOC targets in NDCs can improve NDCs’ comprehensiveness and
transparency to track and compare policy progress across NDCs; it can also
leverage SOC-related climate finance, technical support, and capacity building.

Key policy insights
1. Many NDCs specify practices known to have the potential to achieve SOC

sequestration or protection without explicitly mentioning SOC. The SOC-related
mitigation potential of these practices can be quantified in future NDCs.

2. NDCs are not presently a good indicator of countries’ interest or commitment to
SOC action at national level. To improve this, countries with existing SOC policies,
programs, and actions can specify their SOC-related commitments in future NDCs.

3. Increased collaboration between countries with experience managing SOC and
countries needing support to develop SOC-related targets, policies, measures
and incentives for land users and farmers would facilitate the provision of such
needed support.
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4. To increase country commitments and attention to managing SOC, there is a need
for improved SOC measurement and monitoring, for better evidence on the
impacts of management practices on SOC, and for incentives for farmers to
change practices and overcome barriers.

Introduction

Recent attention and raised expectations about soil organic carbon’s (SOC) potential to contribute to climate
change mitigation and adaptation, is reflected by a number of global initiatives such as the 4 per 1000 Initiative
(Soussana et al., 2019), Global Soil Partnership (FAO, 2019), Nature-Based Solutions (Griscom et al., 2017), Sus-
tainable Development Goal 15.3 (Orr et al., 2017) and the Koronivia Joint Work on Agriculture (UNFCCC, 2018a).
SOC sequestration and protection can contribute to negative emissions and avoided emissions to help achieve
2050 and 2100 global policy targets (IPCC, 2014). The annual carbon sequestration potential in global mineral
soils is estimated at 0.4-8.6 Gt CO2eq with high confidence in relation to management practices (Jia et al., 2019).
This may reduce net annual GHG emissions from the Agriculture, Forestry and Other Land Use (AFOLU) sector
(∼ 10–12 GtCO2eq/yr) (IPCC, 2014) from 3% up to 71%. Furthermore, an estimated 600 Gt of carbon is stored in
carbon-rich peatlands, which may be lost if they are not protected and instead exploited for agricultural pro-
duction (Leifeld and Menichetti, 2018; Rumpel et al., 2020). In addition, SOC sequestration can support various
ecosystem services related to climate change adaptation, food security and biodiversity (Sykes et al., 2020) due
to increased soil fertility, improved moisture retention, improved water availability to plants (Halldorsson et al.,
2015; Paustian et al., 2019; Smith, 2016), reduced soil erosion and improved habitat for various forms of biodi-
versity (Griscom et al., 2017).

Yet, debate about what is possible to achieve and how to monitor or verify improvement in SOC has chal-
lenged progress on the ground (Rumpel et al., 2020; Zomer et al., 2017). While monitoring standards exist (FAO,
2020), accurate monitoring of SOC stock changes has been constrained by the lack of simple and robust indi-
cators, slow rates of SOC change, (Bruun et al., 2013; Paustian et al., 2019), insufficient precision of SOC stock
assessment (Goidts et al., 2009), and the difficulty of determining the long-term persistence of sequestered SOC
(Cotrufo et al., 2019). Soils’ capacity to store carbonmay be vastly overestimated due to models that overpredict
carbon stabilization (He et al., 2016), incorrect assumptions about soil conditions (Smith et al., 2005) and a lack
of accounting for the finite and reversible nature of SOC sequestration (Powlson et al., 2011). Biophysical limits
constrain potentials, such as availability of continuous organic matter inputs or critical nutrients such as nitro-
gen and phosphorous (Rumpel et al., 2020). Some measures expected to increase soil carbon sequestration,
such as use of fertilizer or irrigation, lead to additional greenhouse gas (GHG) emissions in their lifecycle (Schle-
singer and Amundson, 2019). Policy and economic incentives are also weak in most countries (Amundson and
Biardeau, 2019).

The 2015 Paris Agreement of the United Nations Framework Convention on Climate Change (UNFCCC)
established Nationally Determined Contributions (NDCs) as a mechanism for countries to set ambitious, volun-
tary mitigation commitments and priority actions for adaptation (United Nations, 2015). Increased attention
and debate around SOC are driving ideas for solutions and increasing pressure for national governments to
consider SOC as part of their climate mitigation and adaptation strategies (Paustian et al., 2019; Vermeulen
et al., 2019). Building on an existing international agenda for restoring soil health, SOC advocates have
sought better inclusion of SOC sequestration and related management practices in the NDCs (Beasley et al.,
2019; Breakthrough Strategies and Solutions, 2017).

Because SOC is the major terrestrial carbon pool (Ciais et al., 2013), specification of SOC targets, policies and
measures is pivotal to achieving global targets and therefore necessary to include in the NDCs (Griscom et al.,
2017; Paustian et al., 2019; Vermeulen et al., 2019). Including information about SOC in the NDCs, as part of the
national inventory sources and sinks of emissions, can provide a transparent basis for tracking intended mitigation
and for guiding national action, including coordination of funding and technical assistance provided to countries.

Given the important potential role of SOC in climate change mitigation and adaptation, particularly for agri-
culture, the purpose of this paper is to assess countries’ NDCs for their inclusion of SOC sequestration or
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avoided SOC loss in agricultural soils. We examined the first cycle of NDCs to determine: 1) whether SOC is
addressed; 2) how SOC is included and the level of specificity in relation to mitigation targets; and 3) why
countries included SOC or not in their NDCs. We also review technical SOC sequestration and protection poten-
tials to compare these to countries’ commitments. We draw conclusions about how to move forward on SOC-
related agricultural mitigation targets and on related adaptation priorities in future NDCs. Additional details on
the study methods, results and discussion points are provided in the supplementary materials.

SOC potentials

Many countries have significant technical potential for sequestering and protecting SOC based on environ-
mental conditions, soil properties (Wiesmeier et al., 2019), land use practices (Zomer et al., 2017), or historical
carbon loss (Sanderman et al., 2018). SOC sequestration is defined here as the long-term (> 20 years) increase
and storage of carbon stocks in soil as stable forms of organic matter – an adaptation of the definition by Chenu
et al. (2019). Countries with large agricultural areas, in agroecological zones favorable to SOC formation and
accumulation, or with high historical SOC losses have a high potential to sequester SOC. Similarly, countries
with large areas of wetlands, peatlands and other carbon-dense soils have significant potential to protect
SOC and prevent GHG emissions.

SOC can occur in both stable and labile forms of soil organic matter (SOM). The long-term storage of SOC in
stable forms of SOM is important for the mitigation of climate change. Conversely, SOC in labile SOM is essential
to support soil fertility, soil physical properties and soil biodiversity (Chenu et al., 2019). Stable forms of carbon
can occur due to protection from decomposition by microorganisms through association with soil minerals, or
protection within inaccessible pores (Lützow et al., 2006). Labile forms occur where microorganisms can access
the easily decomposable organic matter (Six et al., 2002).

Numerous land use and management practices are known to improve SOC sequestration or protection,
which include avoided conversion or drainage of peatlands (Crump, 2017), grassland and crop residue manage-
ment, use of cover crops and green manure, applying organic amendments (such as manure, compost,
biochar), integrated soil fertility management, avoided open burning, use of nitrogen fertilizer, conservation
agriculture, reduced or no-tillage, fallow, agroforestry, silvo-pastoralism, and use of deep-rooted species
(Boddey et al., 2010; Cardinael et al., 2018; Chotte et al., 2019; Conant et al., 2017; Corbeels et al., 2016;
Minasny et al., 2017; Paustian et al., 2016; Zomer et al., 2017). Impacts on SOC sequestration may vary depend-
ing on climate, soil type and land use history (among other factors), and study methods often vary in terms of
depth of soil studied and the calculation method used to determine SOC change, making results difficult to
compare (Chenu et al., 2019; Meurer et al., 2018; Olson et al., 2014; Powlson et al., 2016).

Some practices involve trade-offs with other GHG emissions (Lugato et al., 2018; Paustian et al., 2019) such as
CH4 and N2O, which have 100-year global warming potentials of 28 and 265 times that of CO2 respectively (Jia
et al., 2019). The use of nitrogen fertilizer can increase SOC by enhancing plant productivity and therefore
increasing organic matter inputs to the soil, however nitrogen fertilizer use also produces N2O emissions
(Lugato et al., 2018). The application of organic amendments to increase SOM on the other hand, can
release less N2O emissions, but contribute more CH4 (Rahman et al., 2019). Similarly, the energy used for
biochar production may release more CO2 than the carbon biochar can sequester. Caution is needed to
ensure that biochar does not increase organic inputs in one location at the cost of decreasing it in another
by transferring plant biomass (Whitman et al., 2010). Evaluation of trade-offs and site-specific impacts across
different practices is therefore necessary to accurately determine SOC sequestration potential and the net
climate impacts of specific practices.

Methods

Scope of agricultural practices covered in the NDCs

In this paper, ‘agriculture’ in the NDCs refers to, first, any mention of agricultural land or soil, as well as cropland,
grassland, peatland or wetland, and second, contributing to economy-wide targets (agriculture implicitly
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included), specified agriculture sector targets, or related components in the AFOLU or Land Use, Land Use
Change and Forestry (LULUCF) sectors.

We do not distinguish between UNFCCC Common Reporting Format categories under the UNFCCC
(UNFCCC, 2013) and the IPCC guidelines for national GHG inventories (IPCC, 2006) for Agriculture and
LULUCF. As highlighted by Hönle et al. (2019), the emission source category under agriculture considers
only CH4 and N2O emissions while CO2 fluxes related to agricultural land use and land use change are
accounted for under the LULUCF category.

We analyzed the agricultural adaptation andmitigation contributions of 184 NDCs submitted to the UNFCCC
up to 24 November 2019. NDCs were examined for: 1) explicit mention of SOC in mineral or organic (peatland or
wetland) soils in relation to agriculture; and 2) mention of other practices or measures that may sequester or
protect SOC.

Explicit mention of SOC, peatlands and wetlands
To analyze explicit mention of SOC in relation to mineral or organic soils, we reviewed prior analyses of agri-
culture in the NDCs by Richards et al. (2016) and Hönle et al. (2019). To broaden the potential inclusion of
SOC in organic soils, explicit mention of peatlands and wetlands in the NDCs were analyzed, based on the
measures and keywords in Table 1.

Since guidance under the Paris Agreement for the preparation of NDCs is non-binding, NDCs are hetero-
geneous in length, coverage and level of detail (FAO, 2016). Consequently, to systematize our assessment,
we paid attention to information provided in NDCs about: 1) commitments to mitigation targets (unconditional
or conditional); 2) actions or measures to be implemented; 3) national policies/plans/assessments/programs to
support national climate change actions or targets; and 4) other contexts.

Mention of practices or measures affecting SOC
We identified NDC commitments related to agricultural measures that would protect or sequester SOC in
organic or mineral soils, such as the use of organic amendments (manure, compost, biochar), grassland and
pasture management, agroforestry and silvo-pastoralism, reduced or no-tillage, and erosion control. For this
part of the assessment, we relied on the keyword analysis done by Richards et al. (2016). In addition, we ana-
lyzed revised or first NDCs submitted to the UNFCCC after 31 October 2016 until 24 November 2019 for the
measures and keywords listed in Table 1 using the methodology of Richards et al. (2016).

Table 1. Measures and keywords used to identify NDC commitments that would affect SOC.

NDC analysis Measures Keywords

SOC Soil carbon sequestration or
protection

Soil carbon, soil C, soil organic carbon

Peatland and wetland Protection or restoration of peatlands
and wetlands

Peatland, wetland, high-carbon, high carbon

Measures or practices that would protect
or enhance SOC

Agroforestry/silvo-pastoralism Agroforestry, agro-forestry, silvopastoral, silvo-pastoral
Conservation agriculture Climate-smart agriculture, climate smart agriculture, CSA,

conservation agriculture
Reduced or no-tillage Tillage, tilling
Residue retention (mulching) Residue, mulch, agricultural waste
Cover crops Cover crop, crop patterns
Organic amendments (manure,
compost, biochar)

Fertilize, fertilizer, manure, compost, biochar, organic

Grassland/pastureland management Grassland, pasture, rangeland, grazing
Integrated soil fertility management Soil, soil fertility, ISFM
Fallow Fallow, agricultural waste
Erosion control Erosion, soil erosion
Reduced/stopped (crop residue)
burning

Burn, fire, residue

Note: The analysis of NDC reference to SOC, peatlands and wetlands was based in part on the prior analyses of agriculture in NDCs by Richards
et al. (2016) and Hönle et al. (2019).
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Results were analyzed to determine the number of countries specifying the relevant groups of measures
under mitigation or adaptation.

Identifying countries with high technical potentials for SOC sequestration and protection

We identified countries with high potential to sequester SOC in croplands (Zomer et al., 2017), with high poten-
tial to protect existing SOC stocks based on areas of high-carbon (organic) soils (Zomer et al., 2017), with high
total SOC stocks at 0-30 cm of soil depth (FAO and ITPS, 2018), and with large areas of peat and their estimated
carbon stocks (Crump, 2017). The data from Zomer et al. (2017) broadly categorizes countries with high SOC
sequestration potentials in croplands, rather than potentials in agricultural lands.

Ten countries stored more than 60% of the total global SOC stock at 0-30 cm, with the top five countries
holding more than 50% of the stock; from highest to lowest SOC stocks, these are: Russia, Canada, USA,
China, Brazil (FAO and ITPS, 2018). These five countries were also amongst the top 10 countries with the

Figure 1. Top 10 countries with highest potential to sequester SOC in croplands (20-year period, medium sequestration rate scenario) and to
retain largest peat carbon stocks. Source: Zomer et al. (2017) for sequestration potential and Crump (2017) for peat carbon stocks.

Table 2. Top 10 UNFCCC parties with the potential to sequester the highest annual increment of SOC in croplands over 20 years and the largest
peat carbon stocks.

Rank Country SOC sequestration potential (Mt C yr−1) (Zomer et al., 2017) Country
Peat C stock (Mt C)
(Crump, 2017)

1 USAa 124.7 Canada 139,819
2 India 103.8 Russia 124,762
3 EUb 84.5 Indonesia 48,993
4 China 65.4 USA 26,454
5 Russia 62.6 Papua New Guinea 5,427
6 Australia 36.2 Brazil 4,934
7 Brazil 35.9 Malaysia 4,926
8 Canada 26.8 Finland 4,802
9 Mexico 21.1 Sweden 4,535
10 Nigeria 19.8 China 2,924

Source: Zomer et al. (2017) for sequestration potential and Crump (2017) for peat carbon stocks
aCountries in bold appear in both categories.
bThe 28 European Union (EU) countries have a single NDC; a cumulative SOC sequestration potential of 84.5 Mt C yr−1 based on data from
Zomer et al. (2017) for 27 of these countries (data for Malta not available) puts the EU in third position globally, between India and China.
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potential to sequester the highest total amounts of SOC in croplands over 20 years (Zomer et al., 2017) and the
top 10 countries with the largest peat carbon stocks to be protected (Crump, 2017) (Figure 1, Table 2).

Since the 28 European Union (EU) countries have a single NDC and Zomer et al. (2017) provides data per
country, the aggregate SOC sequestration potential for the EU was calculated as 84.5 Mt C yr-1. This puts the
EU in third position, between India and China (see Table 2), even though data were not available for Malta
which means the EU value is the sum for only 27 countries. The same summation of peat carbon stocks in
the EU was not possible since Crump (2017) presented data for the top 20 countries only. As a result, the
high SOC sequestration potential in the EU is not reflected in Figure 1. Furthermore, Crump (2017) noted
that their data on peat carbon stocks presented for the top 20 countries excluded recent discoveries in the
Congo Basin and Peru which may affect the global rankings.

Interviews with national experts

Interviews were conducted with eight soil carbon experts and NDC development experts from eight countries,
representing national or subnational government, to understand the rationale underlying agricultural NDC
commitments and potential constraints to including SOC targets in NDCs. Countries were selected based on:
1) high technical potentials for SOC sequestration and protection; and 2) whether SOC is explicitly mentioned
under agriculture in their NDC, based on the keyword search. The resulting eight countries covered by inter-
views were Brazil, Burkina Faso, Canada, China, EU, Indonesia, Japan, and USA. One key respondent was ident-
ified in each country based on their overall understanding of the NDC process and national processes related to
SOC. Interview results were treated as anonymous inputs and do not represent official statements from
countries.

Interview responses were used as background information to contextualize how different countries viewed
the importance of SOC sequestration and protection and its role in the NDCs, challenges associated with includ-
ing SOC in NDCs, and considerations for future inclusion of SOC-related targets or actions in NDCs.

Results: SOC, peatlands, wetlands and measures or practices affecting SOC under
agricultural NDC commitments

A total of 28 NDCs referred to SOC in agriculture (14), peatlands (6) or wetlands (14), with some NDCs referring
to more than one of these aspects (Table 3). Additional information on NDC context and text related to SOC,
peatlands and wetlands is provided in supplementary material, Annex 1 (see Supplementary Material).

Soil organic carbon (SOC)

Of the 14 NDCs referring to SOC, 13 linked SOC explicitly to mitigation targets and one (Syria) mentioned (soil)
organic matter under adaptation without links to mitigation targets. Seven countries provided quantified infor-
mation related to SOC as an outcome of measures to be implemented under an economy-wide target, multi-
sectoral target, sectoral target, or sub-sectoral target. Five countries referred to SOC as part of their mitigation
target but did not quantify the contribution. Only one country described SOC as a quantified co-benefit of
adaptation projects. Countries’ commitments to explicit SOC mitigation targets can be categorized as follows:

1. SOC protection or sequestration as an unquantified outcome contributing to:
a. An unconditional mitigation target (Armenia, China, Zambia).
b. A conditional mitigation target (Pakistan, Palestine).

2. SOC protection or sequestration as a quantified outcome contributing to:
a. An unconditional mitigation target (Bolivia, Canada, Japan, Namibia, Nepal).
b. An unconditional mitigation target and a more ambitious conditional mitigation target (Malawi,

Uruguay).
3. SOC protection or sequestration as a quantified mitigation co-benefit resulting from the implementation of

adaptation projects (Burkina Faso).
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The eight NDCs providing quantified information related to SOC applied various quantitative indicators as
follows:

1. Net GHG emissions and removals (Canada, Japan, Namibia)
2. Quantitative indicators for a specific measure(s) (Malawi)
3. Percentage or hectares of land area where SOC will be preserved or sequestered (Bolivia, Nepal, Uruguay)
4. Quantitative mitigation co-benefits of adaptation actions (Burkina Faso).

Of these eight NDCs, only those for Burkina Faso, Namibia, and Uruguay provided quantified indicators for
SOC specifically. In the other five NDCs, SOC is a component in a broader quantified target or indicator to be
achieved from the implementation of measures which may fall under the same sector (Japan, Malawi, Nepal) or
multiple sectors (Bolivia, Canada).

Some NDCs indicated practices linked to SOC sequestration or protection, such as agroforestry (Malawi,
Palestine), conservation agriculture (Zambia), no-till farming (Uruguay), residue retention (Malawi, Uruguay),
cover crops (Uruguay), applying organic amendments such as manure and crop residues (Malawi), restoring
or regenerating grassland vegetation (China, Japan, Uruguay), and conserving (Uruguay) or restoring (China)
peatlands and wetlands.

Three NDCs (Canada, Pakistan, Uruguay) specified national policies, plans or assessments that support national
climate change targets or actions, along with descriptive text indicating that these documents address SOC.

Peatlands and wetlands
Only six NDCs mentioned peatlands. In all but one instance, peatlands were linked to unconditional or con-
ditional mitigation targets, mainly as unquantified (Afghanistan, Burundi) or quantified (Belarus, Indonesia,

Table 3. How countries referred to agricultural SOC, peatlands or wetlands (✓) in their NDC.

Country

SOC Peatlands Wetlands

Specified? What was mentioned? Specified? What was mentioned? Specified? What was mentioned?

Afghanistan ✓ CT, A
Armenia ✓ UT, A
Bangladesh ✓ A
Belarus ✓ UT, A
Belize ✓ P, A
Bolivia ✓ UT, A ✓ A
Burkina Faso ✓ UT, A
Burundi ✓ P
Canada ✓ UT, P, A ✓ UT, P, A
China ✓ UT, A ✓ UT, A
Iceland ✓ UT, A
Indonesia ✓ UT, CT, P, A ✓ UT, A
Japan ✓ UT, A
Malawi ✓ UT, CT, A
Malaysia ✓ O
Namibia ✓ UT, A
Nepal ✓ UT, P, A
Nicaragua ✓ P
Pakistan ✓ CT, P, A ✓ P
Palestine ✓ CT, A
South Sudan ✓ A
Suriname ✓ UT, CT, P
Syria ✓ A
Uganda ✓ UT, P, A, O
UAEa ✓ UT, A
Uruguay ✓ UT, CT, P, A ✓ UT, CT, P, A ✓ UT, CT, A
Vietnam ✓ UT
Zambia ✓ UT, A
aUAE = United Arab Emirates
Key: unconditional (UT) or conditional (CT) mitigation targets; national policies/plans/assessments/programs (P) related to climate change;
actions or measures to be implemented (A); or other contexts (O).
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Uruguay) outcomes from the implementation of other measures. In most cases, peatlands’ contribution to miti-
gation targets was specified or for this analysis was interpreted to be related to SOC or carbon, except for
Afghanistan which specified the reduced use of peat soils in contribution to a reduction in N2O emissions.
In three NDCs, peatlands were clearly linked to policies or plans (Uruguay), assessments (Indonesia) or programs
(Burundi) related to mitigation.

Wetlands were specified in numerous contexts within the NDCs, which can be categorized as:

1. Wetland protection, restoration, or increased carbon storage in wetlands as quantified (Canada, Uganda,
Uruguay) or unquantified (China, Iceland, Indonesia, Suriname, Vietnam) outcomes in contribution to miti-
gation targets.

2. Policies, plans, and potentials related to wetland protection, management, or enhanced wetland carbon
sinks under adaptation (Belize) or mitigation (Canada, Nicaragua, Pakistan, Uganda).

3. Adaptation actions with unspecified mitigation co-benefits through the implementation of strategies and
plans that aim to improve the understanding of wetlands, as well as actions to restore mangroves
(United Arab Emirates).

4. Adaptation measures related to wetland conservation or restoration (Bangladesh, Bolivia), including in an
intended NDC only (South Sudan has not submitted a NDC at the time of analysis).

Mention of other practices or measures affecting SOC

Numerous NDCs mentioned the implementation of practices that would support the sequestration or protec-
tion of SOC under agricultural mitigation or adaptation sections. The full data collected are provided in Annex 2.
Table 4 summarizes NDCs with SOC-relevant practices, even if SOC was not mentioned. The most common
practices listed under mitigation were agroforestry and silvo-pastoralism (31 countries), conservation agricul-
ture (21), grassland and pastureland management (14), organic amendments (12) and reduced/stopped crop
residue burning (12). Under adaptation, the most common practices were erosion control (41 countries), agro-
forestry and silvo-pastoralism (36), grassland/pastureland management (16), conservation agriculture (13) and
integrated soil fertility management (13).

Discussion

Our analysis shows that, despite the important role of SOC in climate change mitigation and adaptation (Sykes
et al., 2020), most countries’ NDCs do not directly reflect this potential or its relevance for reducing further emis-
sions. Based on our analysis of 184 NDCs, only 28 countries referred to SOC, peatlands or wetlands, with just 14

Table 4. Number of countries listing the implementation of other SOC-relevant measures.

Measure/s Mitigation Adaptation

Agroforestry/silvo-pastoralism 31 36
Conservation agriculture 21 13
Grassland/pastureland management 14 16
Organic amendments (manure, compost, biochar) 12 10
Reduced/stopped (crop residue) burning 12 6
Erosion control 9 41
Integrated soil fertility management 6 13
Reduced or no-tillage 5 6
Residue retention (mulching) 3 3
Cover crops 2 1
Fallow 1 1

Note: These are measures that would support the sequestration or protection of SOC under agricul-
tural mitigation or adaptation. Measures listed here exclude peatland and wetland protection or
restoration that are captured in Table 3.
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of these referring to SOC. SOC was mainly addressed in relation to mitigation targets, as an outcome of actions
or measures to be implemented, and in the context of national policies, plans, assessments or programs related
to climate change. These results are discussed in the context of requirements for NDC target setting under the
Paris Agreement, priorities and challenges faced by countries in setting SOC-related NDC targets, and options
for countries electing to specify SOC in future NDCs.

Paris Agreement requirements

While few countries specified SOC targets, policies, or actions, evolving guidance on NDCs indicates that more
comprehensive specification is encouraged. Under the Paris Agreement, parties are to ‘strive to include all cat-
egories of anthropogenic emissions or removals in their Nationally Determined Contributions’ (UNFCCC, 2019,
p. 7) and provide the ‘information necessary [in their NDCs] for clarity, transparency and understanding’ (ICTU)
(UNFCCC, 2019, p. 6). Developed countries are required to commit to ‘economy-wide absolute emission
reduction targets,’ while developing countries should only ‘move over time towards economy-wide emission
reduction’ (Article 4.4) (United Nations, 2015, p. 4). In addition, support shall be provided to developing
countries ‘to enhance the capacity of developing country Parties in preparing, communicating and accounting
for their Nationally Determined Contributions’ (UNFCCC, 2019, p. 6).

The Paris Agreement Work Program (2018) provides details on features of NDCs, ICTU and accounting for
Parties’ NDCs (Ad Hoc Working Group on the Paris Agreement, 2018). The draft rulebook for implementing
the Paris Agreement, known as the Katowice Climate Package (UNFCCC, 2018b), provides further details, includ-
ing modalities, procedures and guidelines for transparency (UNFCCC, 2019). According to the Katowice Climate
Package, parties should set mitigation targets that ‘strive to include all categories of anthropogenic emissions
or removals in their Nationally Determined Contributions’ (UNFCCC, 2019, p. 7). For purposes of clarity, trans-
parency and understanding, parties should also indicate their ‘sector-, category- or activity-specific assump-
tions, methodologies and approaches’ (UNFCCC, 2019, p. 10).

Specifying SOC targets, policies or actions can therefore provide more comprehensive and transparent infor-
mation about countries’ ambition to pursue the 1.5°C or 2°C policy target of the Paris Agreement. Specification
would also provide more detail for tracking progress and flexibility for accounting that is appropriate to the
subsector and may demonstrate enhanced ambition. This may be especially relevant to countries with high
technical potential for SOC sequestration in croplands or SOC protection in peatlands (Table 2). Of the top
ten countries presented in Table 2, only Canada, China and Indonesia specified SOC, peatlands or wetlands
in their NDC in relation to mitigation targets.

Furthermore, developing countries’ needs related to financial, technology and capacity building support
could be indicated in the specification of SOC targets, policies, or actions. This would signal where concerted
support and efforts are needed to improve countries’ ability to harness the potential of SOC protection and
sequestration as both GHG mitigation and adaptation strategies.

Country priorities, challenges, and suggested solutions

From the interviews with experts it was evident that extensive policies, programs, actions or targets related to
SOC exist in the USA, Brazil, and EU, which are also amongst the top 10 countries or regions with high technical
potential to sequester SOC in croplands (Table 2). These domestic actions and policies were not consistently
reflected in NDCs or linked to SOC. For example, the USA’s ‘USDA Building Blocks for Climate Smart Agriculture
and Forestry’ (USDA, 2016) plan provides a range of technologies and practices to increase carbon storage in
biomass and soil and the estimated mitigation contributions of such practices. Yet the USA’s NDC makes no
specification of SOC-related sectors, measures, or actions. The NDC instead has an economy-wide mitigation
target and states that ‘a number of existing laws, regulations and other domestically mandatory measures
are relevant to the implementation of the target.’ In the EU, an economy-wide NDC target was set and the
EU does not foresee targeting single sectors separately in future. Yet SOC is currently regulated in the EU
through the Land Use, Land Use Change and Forestry Regulation. The Post 2020 Common Agricultural
Policy reform package and the ‘Farm to Fork Strategy’ foresee enhanced conditionality for good soil
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management. SOC was not specified in NDCs of USA, Brazil and EU, despite these parties having significant
domestic soil carbon-related policies. NDCs, therefore, do not necessarily reflect domestic action, policies
and targets concerning SOC.

Based on the expert interviews, countries chose not to specify SOC in their NDC for several reasons. First,
countries have different perspectives and approaches to: whether SOC sequestration and protection are a pri-
ority for NDC commitments within the bigger context of agriculture, food production and climate change; and
how agriculture should be addressed in the NDCs vis-à-vis economy-wide commitments. Experts from Burkina
Faso and Brazil, for example, explained that because the central role of agriculture is food production for food
security, SOC sequestration is an important function of soil, but not a goal of agriculture. Adaptation for regen-
erating agricultural soils is the priority to support food security in Burkina Faso, where the economy is domi-
nated by the agricultural sector, hence mitigation is reported only as a co-benefit of adaptation. This
argument reflects the political stance of many developing countries that the agriculture sector should not
be targeted for mitigation due to their need for low-cost food production and international food justice. Fur-
thermore, experts from Brazil highlighted that NDCs are national level commitments to sustainable develop-
ment and climate change that need to be addressed through transversal, economy-wide commitments
which, by definition, include all GHG emission sectors.

Second, countries face numerous challenges to quantifying and monitoring SOC, including countries that
specified SOC in their NDCs. These challenges include the accuracy, affordability, and availability of data for
measurement, reporting, verification (MRV) and monitoring of changes in SOC (Brazil, China, Indonesia, USA)
or inferring such SOC changes based on the implementation of management practices (Canada, Indonesia,
USA). Poor data hampers not only SOC target setting and monitoring, but also the identification and tracking
of relevant measures or practices that may be included in NDCs. In contrast, Japan, which has a detailed SOC
mitigation target, has a national program for the long-termmonitoring of agricultural soil, which monitors fixed
points for physiochemical soil properties and records soil management information through questionnaires.
The soil chemical data includes SOC, while SOC stock changes in croplands and CH4 emissions from rice cultiva-
tion are modelled using a modified RothC1 model and DNDC-Rice2 model, respectively. This data collection and
modelling enabled Japan to develop an agricultural mitigation target based on sound science applying an IPCC
Tier 3 approach to the Japanese National GHG Inventory Report from 2015.

Experts also indicated the importance of a clear scientific understanding of the impacts of different land
management practices on the carbon balance (Brazil, Canada) and the ability to effectively monitor implemen-
tation and changes in those practices (Brazil, Canada, Indonesia) in the national GHG inventories as potential
constraints. Experts stated the need for research on soil and soil restoration for agriculture and food production
(Brazil, Burkina Faso), and the need to quantify the impact of specific measures on SOC sequestration. Improv-
ing SOC inventories requires enhanced national capacity to gather relevant activity data in these areas and to
develop country-specific emission factors and SOC targets.

Finally, beyond monitoring challenges, several countries highlighted the need for information on economic
benefits for land users or farmers to support the implementation of measures or practices related to SOC, as a
factor affecting SOC’s inclusion in NDCs (Canada, EU, Indonesia, Japan, USA). In one country (Indonesia) it was
emphasized that farmers are more likely to adopt practices or products with more attractive economic benefits
or where rewards are provided based on achieved results. Incentives, however, do not guarantee implemen-
tation. In Japan, subsidies were given to farmers to use compost, but the labor intensiveness of composting
created a disincentive. Ultimately, experts suggested that farmers will require a combination of financial, tech-
nological, and other support mechanisms to shift to practices that sequester more SOC.

Despite the challenges faced in setting SOC related mitigation targets, interviewed experts recommended
seven types of solutions to improve SOC commitments in future NDCs, along with associated targets, as follows:

1. Developing monitoring systems that are practical and cost-effective to better quantify and monitor changes
in SOC resulting from the implementation of selected measures or practices. These systems could include:
a. Indicators for the assessment and reporting of progress toward SOC protection and sequestration.
b. Improving national and sub-national statistical systems for relevant indicators.
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2. Ensuring that the national GHG inventory has the capacity to incorporate, separate and track SOC activity
data and indicators.

3. Identifying measures and practices that:
a. Are scientifically proven to protect, store or sequester SOC (permanently) within the national context.
b. Provide measurable economic benefits that are more attractive to farmers/land users
c. Can be tracked for national GHG inventories
d. Can be upscaled and transferred to more regions

4. Considering sectors and practices that can be controlled, regulated, or legislated to ensure the long-term
implementation of measures to reach specified targets.

5. Avoiding return to practices detrimental for SOC.
6. Supporting farmers through financial, technological, capacity, and other incentives or mechanisms.
7. Identifying the barriers preventing implementation of practices to adjust targets accordingly and find appro-

priate solutions to overcome such barriers.

Options to specify SOC in future NDCs

Based on this analysis of the NDCs and country examples, specifying SOC in the NDCs show a range of means
for increasing NDC ambition and transparency by incorporating SOC mitigation and adaptation measures and
practices. Options to improve ambition and transparency in future NDCs include:

1. Increasing NDC mitigation ambition by:
a. Quantifying the mitigation impact of existing or future national actions for SOC protection or

sequestration.
b. Quantifying the mitigation co-benefits of existing or future adaptation actions that would protect or

sequester SOC over the long-term (e.g. Burkina Faso).
2. Increasing transparency for global SOC accounting by:

a. Specifying and including SOC in multi-sectoral sub-targets (e.g. Canada).
b. Improving national and sub-national statistical systems for relevant indicators and within national GHG

inventories.
c. Specifying and including SOC in sectoral sub-targets (e.g. Japan, Uruguay, Namibia).

3. Leveraging support for relevant national policies, technical capacity development and climate finance
by:
a. Specifying SOC in relation to measures already included in NDCs under agricultural mitigation or adap-

tation that would support the sequestration or protection of SOC (Table 4).
b. Setting conditional mitigation targets for developing countries that may depend on financial, techni-

cal, or capacity development support (e.g. Palestine, Uruguay).

Conclusions

Despite widespread political and scientific interest in soil carbon as a strategy for climate change mitigation and
adaptation in agriculture, SOC was explicitly addressed by only 15% (28) of the 184 analyzed NDCs, with varying
levels of detail and links to mitigation targets. These NDCs addressed both the adaptation and mitigation
impacts of SOC, as well as the protection of existing SOC and enhancing SOC in existing agricultural land.
The countries with the highest potential for soil carbon protection or sequestration generally did not specify
SOC in their NDCs.

However, the lack of attention to SOC in the NDCs by most countries does not necessarily reflect a lack of
interest or action by national governments. We found evidence of countries with strong domestic SOC policies,
but no specification of SOC in their NDC (e.g. in Brazil, EU and USA). Other countries said they were sincerely
interested in including soil carbon in NDCs, but lacked technical capacities. Thus, NDCs should not be used as an
indicator of countries’ lack of interest or commitment to SOC action. Rather, countries rationally opted not to

CLIMATE POLICY 1015



include SOC in this first round of NDCs for a range of reasons, often more specific to the context and require-
ments of the NDCs themselves.

At least three reasons explained countries’ actions, according to our interviews. First, some countries pro-
vided economy-wide GHG emission reduction commitments without specifying commitments under agricul-
ture or subsectors of agriculture. This raises the question to what extent should countries specify targets
and actions for SOC at sector and subsector levels, to improve transparency and to provide sufficient infor-
mation for clarity, understanding and tracking purposes.

Second, some countries viewed SOC protection or sequestration as a co-benefit not warranting detail in the
NDC, rather than as a targeted policy goal. This raises related transparency and information issues about the
value of accounting for co-benefits and how to best do this.

Third, some countries did not include SOC due to accounting difficulties. Notable accounting challenges
include: a lack of accurate, affordable data or suitable SOC MRV; the difficulties of monitoring changes in
SOC over time and linking management practices to changes in SOC; identifying and tracking relevant
measures at national level; ensuring that national GHG inventories can accommodate selected data and
indicators; and assuring the permanence of the desired effect of implemented measures. Accounting
difficulties suggest that more countries would include SOC in their NDCs if these technical issues could
be overcome.

While these results may not capture all countries’ rationales for including or not including SOC in the NDCs, they
do suggest that countries’ motivations and capacities for SOC accounting affect accounting for SOC in the NDCs.
The results also point to questions about the level of specificity of sectors, subsectors and co-benefits required in
NDCs in general (not only for SOC) to improve the clarity, transparency and understanding of NDCs and to enhance
tracking at global and national levels of NDC emission reduction targets and adaptation goals.

Addressing some knowledge gaps related to SOC will better support ambitious and transparent NDCs and
action to protect and sequester SOC. Better estimates of countries’ soil carbon potentials for protected soils and
carbon sequestration will facilitate global priority setting and comparison against countries’ commitments.
Improved understanding of countries’ capacities and motivations for not including SOC in their NDCs will
help to better target capacity building. Enhanced data and measurement, reporting and verification systems
will help countries overcome accounting constraints and could support harmonization to enable comparison
and monitoring among countries.

In subsequent rounds of NDCs, better specification of SOC in the NDC may be especially relevant for
countries or UNFCCC parties with the highest potential to sequester or protect SOC in pursuit of the 1.5°C
or 2°C policy targets of the Paris Agreement. Improving specification in the ten countries with the highest
soil carbon protection potentials would already provide transparency for 61% of the 600 Gt carbon stored in
global peatlands. For the ten countries with the highest soil carbon sequestration potentials, improved specifi-
cation would provide further transparency for 21% of the maximum 8.6 Gt CO2eq of annual soil carbon seques-
tration potential in mineral soils. However, even countries with lower potentials may choose to specify SOC in
NDCs to leverage climate finance, technical support, or capacity building for SOC-related policies and actions.

Guidance from the UNFCCC on the specification of sectors and subsectors, co-benefits to be included in
NDCs, and the required level of detail for countries’ mitigation and adaptation efforts on SOC measures and
practices across related sectors and sub-sectors, would support such transparency and improved information,
and ensure that no important potential for action is left untapped.

Notes

1. RothC = Rothamsted carbon model
2. DNDC-Rice = DeNitrification-DeComposition model for rice production

Acknowledgements

We sincerely thank all the interviewed experts for their contributions and insights into NDC processes, challenges and suggestions
related to SOC. This paper was written as part of the CGIAR Research Program on Climate Change, Agriculture and Food Security

1016 L. WIESE ET AL.



(CCAFS) in collaboration with the 4p1000 Initiative, with funding from Vanguard Charitable and the support of Breakthrough Sol-
utions. The CCAFS program is carried out with support from the CGIAR Trust Fund and through bilateral funding agreements.
For details, please visit https://ccafs.cgiar.org/donors. The views expressed in this document cannot be taken to reflect the
official opinions of these organizations. The authors would like to thank their respective organizations, the Gund Institute at the
University of Vermont, CGIAR-CCAFS, Breakthrough Solutions, and 4p1000 for their support of this work.

Disclosure statement

No potential conflict of interest was reported by the author(s).

Funding

This work was funded by Vanguard Charitable (facilitated by Betsy Taylor, Breakthrough Strategies and Solutions) and the CGIAR
Research Program on Climate Change, Agriculture and Food Security (CCAFS).

ORCID

Liesl Wiese http://orcid.org/0000-0001-5835-4088
Susanna Esther Hönle http://orcid.org/0000-0001-5731-7170

References

Ad Hoc Working Group on the Paris Agreement. (2018). Paris Agreement Work plan compilation.
Amundson, R., & Biardeau, L. (2019). Opinion: Soil carbon sequestration is an elusive climate mitigation tool. Proceedings of the

National Academy of Sciences, 116(21), 11652–11656. https://doi.org/10.1073/pnas.1908917116
Beasley, E., Murray, L. S., Funk, J., Lujan, B., Kasprzyk, K., & Burns, D. (2019). Guide to including nature in nationally determined con-

tributions. A Checklist of Information and Accounting Approaches for Natural Climate solutions.
Boddey, R. M., Jantalia, C. P., Conceiçao, P. C., Zanatta, J. A., Bayer, C., Mielniczuk, J., Dieckow, J., Dos Santos, H. P., Denardin, J. E., Aita,

C., Giacomini, S. J., Alves, B. J. R., & Urquiaga, S. (2010). Carbon accumulation at depth in ferralsols under zero-till subtropical agri-
culture. Global Change Biology, 16(2), 784–795. https://doi.org/10.1111/j.1365-2486.2009.02020.x

Breakthrough Strategies and Solutions. (2017). Sequestering carbon in soil. Addressing the climate threat. Summary Report fromMay
3-5, 2017 Conference, Chantilly, France. Chantilly, France.

Bruun, T. B., Egay, K., Mertz, O., & Magid, J. (2013). Improved sampling methods document decline in soil organic carbon stocks and
concentrations of permanganate oxidizable carbon after transition from swidden to oil palm cultivation. Agriculture, Ecosystems &
Environment, 178, 127–134. https://doi.org/10.1016/j.agee.2013.06.018

Cardinael, R., Umulisa, V., Toudert, A., Olivier, A., Bockel, L., & Bernoux, M. (2018). Revisiting IPCC Tier 1 coefficients for soil organic and
biomass carbon storage in agroforestry systems. Environmental Research Letters, 13(12), 124020. https://doi.org/10.1088/1748-
9326/aaeb5f

Chenu, C., Angers, D. A., Barré, P., Derrien, D., Arrouays, D., & Balesdent, J. (2019). Increasing organic stocks in agricultural soils:
Knowledge gaps and potential innovations. Soil and Tillage Research, 188, 41–52. https://doi.org/10.1016/j.still.2018.04.011

Chotte, J., Aynekulu, E., Cowie, A., Campbell, E., Vlek, P., Lal, R., Kapović-Solomun, M., Von Maltitz, G., Kust, G., Barger, N., Vargas, R., &
Gastrow, S. (2019). Realising the Carbon Benefits of Sustainable Land Management Practices: Guidelines for Estimation of Soil
Organic Carbon in the Context of Land Degradation Neutrality Planning and Monitoring. A report of the Science-Policy
Interface. United Nations Convention to Combat Desertification (UNCCD), Bonn, Germany.

Ciais, P., Sabine, C., Bala, G., Bopp, L., Brovkin, V., Canadell, J., Chhabra, A., DeFries, R., Galloway, J., Heimann, M., Jones, C., Le Quéré, C.,
Myneni, R. B., Piao, S., & Thornton, P. (2013). Carbon and other biogeochemical cycles. In T. F. Stocker, D. Qin, G.-K. Plattner, M.
Tignor, S. K. Allen, J. Boschung, A. Nauels, & Y. Xia (Eds.), Climate change 2013: The physical Science basis. Contribution of
Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on climate change (pp. 465–570). Cambridge
University Press.

Conant, R. T., Cerri, C. E. P., Osborne, B. B., & Paustian, K. (2017). Grassland management impacts on soil carbon stocks: A new syn-
thesis. Ecological Applications, 27(2), 662–668. https://doi.org/10.1002/eap.1473

Corbeels, M., Marchão, R. L., Neto, M. S., Ferreira, E. G., Madari, B. E., Scopel, E., & Brito, O. R. (2016). Evidence of limited carbon seques-
tration in soils under no-tillage systems in the cerrado of Brazil. Scientific Reports, 6(1), 21450. https://doi.org/10.1038/srep21450

Cotrufo, M. F., Ranalli, M. G., Haddix, M. L., Six, J., & Lugato, E. (2019). Soil carbon storage informed by particulate and mineral-associ-
ated organic matter. Nature Geoscience, 12(12), 989–994. https://doi.org/10.1038/s41561-019-0484-6

Crump, J. (2017). Smoke on water - Countering global threats from peatland loss and degradation. A UNEP Rapid Response
Assessment. United Nations Environment Programme and GRID-Arendal, Nairobi and Arendal, www.grida.no

CLIMATE POLICY 1017

https://ccafs.cgiar.org/donors
http://orcid.org/0000-0001-5835-4088
http://orcid.org/0000-0001-5731-7170
https://doi.org/10.1073/pnas.1908917116
https://doi.org/10.1111/j.1365-2486.2009.02020.x
https://doi.org/10.1016/j.agee.2013.06.018
https://doi.org/10.1088/1748-9326/aaeb5f
https://doi.org/10.1088/1748-9326/aaeb5f
https://doi.org/10.1016/j.still.2018.04.011
https://doi.org/10.1002/eap.1473
https://doi.org/10.1038/srep21450
https://doi.org/10.1038/s41561-019-0484-6
http://www.grida.no


FAO. (2016). The agriculture sectors in the Intended Nationally Determined Contributions: Analysis (No. 62), Environment and Natural
Resources Management Working Paper. Rome.

FAO. (2019). Recarbonization of global soils. A Tool to support the implementation of the Koronivia Joint Work on Agriculture.
FAO. (2020). A protocol for measurement, monitoring, reporting and verification of soil organic carbon in agricultural landscapes –

GSOC-MRV Protocol. FAO, Rome. doi:10.4060/cb0509en.
FAO, ITPS. (2018). Global Soil Organic Carbon Map (GSOCmap). Technical report. Rome, Italy.
Goidts, E., van Wesemael, B., & Crucifix, M. (2009). Magnitude and sources of uncertainties in soil organic carbon (SOC) stock assess-

ments at various scales. European Journal of Soil Science, 60(5), 723–739. https://doi.org/10.1111/j.1365-2389.2009.01157.x
Griscom, B. W., Adams, J., Ellis, P. W., Houghton, R. A., Lomax, G., Miteva, D. A., Schlesinger, W. H., Shoch, D., Siikamäki, J. V., Smith, P.,

Woodbury, P., Zganjar, C., Blackman, A., Campari, J., Conant, R. T., Delgado, C., Elias, P., Gopalakrishna, T., Hamsik, M. R.,…
Fargione, J. (2017). Natural climate solutions. Proceedings of the National Academy of Sciences, 114(44), 11645–11650. https://
doi.org/10.1073/pnas.1710465114

Halldorsson, G., Sigurdsson, B. D., Finér, L., Gudmundsson, J., Kätterer, T., Singh, B. R., Vesterdal, L., & Arnalds, A. (2015). Soil carbon
sequestration – for climate, food security and ecosystem services. Nordic Council of Ministers, https://doi.org/10.6027/ANP2015-
792

He, Y., Trumbore, S. E., Torn, M. S., Harden, J. W., Vaughn, L. J. S., Allison, S. D., & Randerson, J. T. (2016). Radiocarbon constraints imply
reduced carbon uptake by soils during the 21st century. Science, 353(6306), 1419–1424. https://doi.org/10.1126/science.aad4273

Hönle, S. E., Heidecke, C., & Osterburg, B. (2019). Climate change mitigation strategies for agriculture: An analysis of nationally deter-
mined contributions, biennial reports and biennial update reports. Climate Policy, 19(6), 688–702. https://doi.org/10.1080/
14693062.2018.1559793

IPCC. (2006). 2006 IPCC guidelines for national greenhouse gas inventories, Vol. 4 Agriculture, forestry and other land use, Prepared
by the National Greenhouse Gas Inventories Programme, Eggleston H.S., Buendia L., Miwa K., Ngara T. and Tanabe K. (eds).
Published: IGES, Japan.

IPCC. (2014). Summary for policymakers, climate change 2014: Mitigation of climate change. Contribution of working Group III to the
Fifth Assessment Report of the Intergovernmental Panel on climate change. Cambridge University Press.

Jia, G., Shevliakova, E., Artaxo, P., Noblet-Ducoudré, N. D., Houghton, R., House, J., Kitajima, K., Lennard, C., Popp, A., Sirin, A., Sukumar,
R., & Verchot, L. (2019). Land–climate interactions. In P. R. Shukla, J. Skea, E. C. Buendia, V. Masson-Delmotte, H.-O. Pörtner, D. C.
Roberts, P. Zhai, R. Slade, S. Connors, R. v. Diemen, M. Ferrat, E. Haughey, S. Luz, S. Neogi, M. Pathak, J. Petzold, J. P. Pereira, P. Vyas,
E. Huntley, K. Kissick, M. B, & J. Malley (Eds.), Climate change and land: An IPCC special report on climate change, desertification, Land
Degradation, Sustainable Land Management, food security, and greenhouse Gas fluxes in terrestrial ecosystems. (pp. 131–248). In
press.

Leifeld, J., & Menichetti, L. (2018). The underappreciated potential of peatlands in global climate change mitigation strategies. Nature
Communications, 9(1), 1071. https://doi.org/10.1038/s41467-018-03406-6

Lugato, E., Leip, A., & Jones, A. (2018). Mitigation potential of soil carbon management overestimated by neglecting N2O emissions.
Nature Climate Change, 8(3), 219–223. https://doi.org/10.1038/s41558-018-0087-z

Lützow, M. V., Kögel-Knabner, I., Ekschmitt, K., Matzner, E., Guggenberger, G., Marschner, B., & Flessa, H. (2006). Stabilization of
organic matter in temperate soils: Mechanisms and their relevance under different soil conditions - a review. European Journal
of Soil Science, 57(4), 426–445. https://doi.org/10.1111/j.1365-2389.2006.00809.x

Meurer, K. H. E., Haddaway, N. R., Bolinder, M. A., & Kätterer, T. (2018). Tillage intensity affects total SOC stocks in boreo-temperate
regions only in the topsoil—A systematic review using an ESM approach. Earth-Science Reviews, 177, 613–622. https://doi.org/10.
1016/j.earscirev.2017.12.015

Minasny, B., Malone, B. P., McBratney, A. B., Angers, D. A., Arrouays, D., Chambers, A., Chaplot, V., Chen, Z. S., Cheng, K., Das, B. S., Field,
D. J., Gimona, A., Hedley, C. B., Hong, S. Y., Mandal, B., Marchant, B. P., Martin, M., McConkey, B. G., Mulder, V. L.,…Winowiecki, L.
(2017). Soil carbon 4 per mille. Geoderma, 292, 59–86. https://doi.org/10.1016/j.geoderma.2017.01.002

Olson, K. R., Al-Kaisi, M. M., Lal, R., & Lowery, B. (2014). Experimental consideration, treatments, and methods in determining soil
organic carbon sequestration rates. Soil Science Society of America Journal, 78(2), 348–360. https://doi.org/10.2136/sssaj2013.
09.0412

Orr, B. J., Cowie, A. L., Castillo, V. M., Sanchez, P., Chasek, N. D., Erlewein, A., Louwagie, G., Maron, M., Metternicht, G. I., Minelli, S.,
Tengberg, A. E., Walter, S., & Welton, S. (2017). Scientific conceptual Framework for Land Degradation Neutrality. A report of the
Science-Policy interface. United Nations Convention to Combat Desertification - UNCCD.

Paustian, K., Larson, E., Kent, J., Marx, E., & Swan, A. (2019). Soil C sequestration as a biological negative emission strategy. Frontiers in
Climate, 1, 1–11. https://doi.org/10.3389/fclim.2019.00008

Paustian, K., Lehmann, J., Ogle, S., Reay, D., Robertson, G. P., & Smith, P. (2016). Climate-smart soils. Nature, 532(7597), 49–57. https://
doi.org/10.1038/nature17174

Powlson, D. S., Stirling, C. M., Thierfelder, C., White, R. P., & Jat, M. L. (2016). Does conservation agriculture deliver climate change
mitigation through soil carbon sequestration in tropical agro-ecosystems? Agriculture, Ecosystems &amp; Environment, 220,
164–174. https://doi.org/10.1016/j.agee.2016.01.005

Powlson, D. S., Whitmore, A. P., & Goulding, K. W. T. (2011). Soil carbon sequestration to mitigate climate change: A critical re-exam-
ination to identify the true and the false. European Journal of Soil Science, 62(1), 42–55. https://doi.org/10.1111/j.1365-2389.2010.
01342.x

1018 L. WIESE ET AL.

https://doi.org/10.1111/j.1365-2389.2009.01157.x
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.1073/pnas.1710465114
https://doi.org/10.6027/ANP2015-792
https://doi.org/10.6027/ANP2015-792
https://doi.org/10.1126/science.aad4273
https://doi.org/10.1080/14693062.2018.1559793
https://doi.org/10.1080/14693062.2018.1559793
https://doi.org/10.1038/s41467-018-03406-6
https://doi.org/10.1038/s41558-018-0087-z
https://doi.org/10.1111/j.1365-2389.2006.00809.x
https://doi.org/10.1016/j.earscirev.2017.12.015
https://doi.org/10.1016/j.earscirev.2017.12.015
https://doi.org/10.1016/j.geoderma.2017.01.002
https://doi.org/10.2136/sssaj2013.09.0412
https://doi.org/10.2136/sssaj2013.09.0412
https://doi.org/10.3389/fclim.2019.00008
https://doi.org/10.1038/nature17174
https://doi.org/10.1038/nature17174
https://doi.org/10.1016/j.agee.2016.01.005
https://doi.org/10.1111/j.1365-2389.2010.01342.x
https://doi.org/10.1111/j.1365-2389.2010.01342.x


Rahman, N., Bruun, T. B., Giller, K. E., Magid, J., Ven, G. W. J., & Neergaard, A. (2019). Soil greenhouse gas emissions from inorganic
fertilizers and recycled oil palm waste products from Indonesian oil palm plantations. GCB Bioenergy, 11(9), 1056–1074. https://
doi.org/10.1111/gcbb.12618

Richards, M., Bruun, T., Campbell, B., Gregersen, L., Huyer, S., Kuntze, V., Madsen, S., Oldvig, M., & Vasileiou, I. (2016). How countries
plan to address agricultural adaptation and mitigation: An analysis of Intended Nationally Determined Contributions. CCAFS dataset
version 1.2. CGIAR Research Program on Climate Change, Agriculture and Food Security (CCAFS).

Rumpel, C., Amiraslani, F., Chenu, C., Garcia Cardenas, M., Kaonga, M., Koutika, L.-S., Ladha, J., Madari, B., Shirato, Y., Smith, P., Soudi, B.,
Soussana, J.-F., Whitehead, D., & Wollenberg, E. (2020). The 4p1000 initiative: Opportunities, limitations and challenges for imple-
menting soil organic carbon sequestration as a sustainable development strategy. Ambio, 49(1), 350–360. https://doi.org/10.1007/
s13280-019-01165-2

Sanderman, J., Hengl, T., & Fiske, G. J. (2018). Correction for Sanderman et al., Soil carbon debt of 12,000 years of human land use.
Proceedings of the National Academy of Sciences, 115(7), E1700. https://doi.org/10.1073/pnas.1800925115

Schlesinger, W. H., & Amundson, R. (2019). Managing for soil carbon sequestration: Let’s get realistic. Global Change Biology, 25(2),
386–389. https://doi.org/10.1111/gcb.14478

Six, J., Conant, R. T., Paul, E. A., & Paustian, K. (2002). Stabilization mechanisms of soil organic matter: Implications for C-saturation of
soils. Plant and Soil, 241, 155–176. https://doi.org/10.1023/A:1016125726789

Smith, P. (2016). Soil carbon sequestration and biochar as negative emission technologies. Global Change Biology, 22(3), 1315–1324.
https://doi.org/10.1111/gcb.13178

Smith, P., Andren, O., Karlsson, T., Perala, P., Regina, K., Rounsevell, M., & Wesemael, B. (2005). Carbon sequestration potential in
European croplands has been overestimated. Global Change Biology, 11(12), 2153–2163. https://doi.org/10.1111/j.1365-2486.
2005.01052.x

Soussana, J.-F., Lutfalla, S., Ehrhardt, F., Rosenstock, T., Lamanna, C., Havlík, P., Richards, M., Wollenberg, E., Chotte, J.-L., Torquebiau,
E., Ciais, P., Smith, P., & Lal, R. (2019). Matching policy and science: Rationale for the ‘4 per 1000 - soils for food security and climate’
initiative. Soil and Tillage Research, 188, 3–15. https://doi.org/10.1016/j.still.2017.12.002

Sykes, A. J., Macleod, M., Eory, V., Rees, R. M., Payen, F., Myrgiotis, V., Williams, M., Sohi, S., Hillier, J., Moran, D., Manning, D. A. C.,
Goglio, P., Seghetta, M., Williams, A., Harris, J., Dondini, M., Walton, J., House, J., & Smith, P. (2020). Characterising the biophysical,
economic and social impacts of soil carbon sequestration as a greenhouse gas removal technology. Global Change Biology, 26(3),
1085–1108. https://doi.org/10.1111/gcb.14844

UNFCCC. (2013). CRF tables for SBSTA 39 [WWW Document]. Bonn, Ger. URL https://unfccc.int/process-and-meetings/transparency-
and-reporting/reporting-and-review-under-the-convention/greenhouse-gas-inventories-annex-i-parties/reporting-requirements
(accessed 8.11.21)

UNFCCC. (2018a). Report of the Conference of the Parties on its twenty-third session, held in Bonn from 6 to 18 November 2017. Rep.
Conf. Parties its twenty-third Sess. held Bonn from 6 to 18 Novemb. 2017 Add. Part two Action Tak. by Conf. Parties its twenty-
third Sess.

UNFCCC. (2018b). Katowice climate package. UNFCCC [WWW Document]. URL https://unfccc.int/process-and-meetings/the-paris-
agreement/paris-agreement-work-programme/katowice-climate-package (accessed 5.8.20)

UNFCCC. (2019). Report of the Conference of the Parties serving as the meeting of the Parties to the Paris Agreement on the third
part of its first session, held in Katowice from 2 to 15 December 2018. Addendum.

United Nations. (2015). Paris Agreement.
USDA. (2016). USDA Building Blocks for Climate Smart Agriculture and Forestry: Implementation Plan and Progress Report.
Vermeulen, S., Bossio, D., Lehmann, J., Luu, P., Paustian, K., Webb, C., Augé, F., Bacudo, I., Baedeker, T., Havemann, T., Jones, C., King, R.,

Reddy, M., Sunga, I., Von Unger, M., & Warnken, M. (2019). A global agenda for collective action on soil carbon. Nature
Sustainability, 2(1), 2–4. https://doi.org/10.1038/s41893-018-0212-z

Whitman, T., Scholz, S. M., & Lehmann, J. (2010). Biochar projects for mitigating climate change: An investigation of critical method-
ology issues for carbon accounting. Carbon Management, 1(1), 89–107. https://doi.org/10.4155/cmt.10.4

Wiesmeier, M., Urbanski, L., Hobley, E., Lang, B., von Lützow, M., Marin-Spiotta, E., van Wesemael, B., Rabot, E., Ließ, M., Garcia-Franco,
N., Wollschläger, U., Vogel, H.-J., & Kögel-Knabner, I. (2019). Soil organic carbon storage as a key function of soils - A review of
drivers and indicators at various scales. Geoderma, 333, 149–162. https://doi.org/10.1016/j.geoderma.2018.07.026

Zomer, R. J., Bossio, D. A., Sommer, R., & Verchot, L. V. (2017). Global sequestration potential of Increased organic carbon in cropland
soils. Scientific Reports, 7(1), 15554. https://doi.org/10.1038/s41598-017-15794-8

CLIMATE POLICY 1019

https://doi.org/10.1111/gcbb.12618
https://doi.org/10.1111/gcbb.12618
https://doi.org/10.1007/s13280-019-01165-2
https://doi.org/10.1007/s13280-019-01165-2
https://doi.org/10.1073/pnas.1800925115
https://doi.org/10.1111/gcb.14478
https://doi.org/10.1023/A:1016125726789
https://doi.org/10.1111/gcb.13178
https://doi.org/10.1111/j.1365-2486.2005.01052.x
https://doi.org/10.1111/j.1365-2486.2005.01052.x
https://doi.org/10.1016/j.still.2017.12.002
https://doi.org/10.1111/gcb.14844
http://WWW%20Document
https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-convention/greenhouse-gas-inventories-annex-i-parties/reporting-requirements
https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-convention/greenhouse-gas-inventories-annex-i-parties/reporting-requirements
http://WWW%20Document
https://unfccc.int/process-and-meetings/the-paris-agreement/paris-agreement-work-programme/katowice-climate-package
https://unfccc.int/process-and-meetings/the-paris-agreement/paris-agreement-work-programme/katowice-climate-package
https://doi.org/10.1038/s41893-018-0212-z
https://doi.org/10.4155/cmt.10.4
https://doi.org/10.1016/j.geoderma.2018.07.026
https://doi.org/10.1038/s41598-017-15794-8

	Abstract
	Introduction
	SOC potentials
	Methods
	Scope of agricultural practices covered in the NDCs
	Explicit mention of SOC, peatlands and wetlands
	Mention of practices or measures affecting SOC

	Identifying countries with high technical potentials for SOC sequestration and protection
	Interviews with national experts

	Results: SOC, peatlands, wetlands and measures or practices affecting SOC under agricultural NDC commitments
	Soil organic carbon (SOC)
	Peatlands and wetlands

	Mention of other practices or measures affecting SOC

	Discussion
	Paris Agreement requirements
	Country priorities, challenges, and suggested solutions
	Options to specify SOC in future NDCs

	Conclusions
	Notes
	Acknowledgements
	Disclosure statement
	ORCID
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile ()
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings false
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.90
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU ()
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.245 841.846]
>> setpagedevice


