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Soil is a key compartment for climate regulation as a source of greenhouse gases (GHGS)
emissions and as a sink of carbon. Thus, soil carbon sequestration strategies should be
considered alongside reduction strategies for other greenhouse gas emissions. Taking
this into account, several international and European policies on climate change are
now acknowledging the importance of soils, which means that proper, comparable and
reliable information is needed to report on carbon stocks and GHGs emissions from
soil. It also implies a need for consensus on the adoption and verification of mitigation
options that soil can provide. Where consensus is a key aspect, formal standards and
guidelines come into play. This paper describes the existing ISO soil quality standards
that can be used in this context, and calls for new ones to be developed through
(international) collaboration. Available standards cover the relevant basic soil parameters
including carbon and nitrogen content but do not yet consider the dynamics of those
elements. Such methods have to be developed together with guidelines consistent with
the scale to be investigated and the specific use of the collected data. We argue that
this standardization strategy will improve the reliability of the reporting procedures and
results of the different climate models that rely on soil quality data.

Keywords: soil, carbon sequestration, methane, nitrous oxide, standards

INTRODUCTION

Soil is involved in the biogeochemical cycles of carbon (C) and nitrogen (N), and thus is a key
compartment for climate regulation either by emitting greenhouse gases (GHGs) or by sequestering
C (Figure 1). Soil stores vast amounts of C: the first meters of mineral soils contain between 1,500
and 2,400 Pg of organic C (Jobbagy and Jackson, 2000; Ciais et al., 2013; Stockmann et al., 2013
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FIGURE 1 | Soil and GHGs fluxes (adapted from Ciais et al., 2013).
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This is about three to four times the amount of C in vegetation
(450-650PgC) and twice to three times the amount in the
atmosphere (~829 GtC). Moreover, peat soils and permafrost
account for more than 1,500 Pg of C. Concerning emissions,
CO; is released from soils due to biological decay of plant litter
and soil organic matter (Janzen, 2004; Smith, 2004). Together
with the respiration of vegetation it represents a flux of 118.7
PgC a year, which is less than the photosynthesis flux (123
PgC yr~!) actually turning land into a sink. Methane (CHy) is
produced when organic materials decompose in oxygen-depleted
conditions, such as in rice paddies or under flooded conditions
(Mosier et al, 1998). Rice cultivation is responsible for 24-30 Pg
C a year that is nearly half of the emissions originating from
livestock. Nitrous oxide (N,O) is part of the global N cycle and is
linked with other forms of N (e.g., organic, ammonia, nitrate). In
soil, N, O is generated by the microbial transformation of organic
and mineral N, and is often enhanced under wet conditions
(Smith and Conen, 2004; Oenema et al., 2005). Emissions from
soil, linked to cultivation are estimated between 1.7 and 4.8 Tg
N,O a year and are the main anthropic source.

Soil organic carbon (SOC) is the balance between plant
inputs and biologically mediated losses. The amount of SOC is
large compared to anthropogenic CO; fluxes to the atmosphere
(Figure 1), that small changes in the SOC pool could have a major
impact on the concentration of CO; in the atmosphere (Cox
etal., 2000; Crowther et al., 2016). This can be seen as a threat, but
also as an opportunity for possible mitigation measures. In order
to be able to quantify these stocks and fluxes reliable methods
are needed. Even though several models have been developed
to estimate and forecast the fluxes of GHGs (e.g., Parton et al.,
1994; Del Grosso et al., 2008), we still need well-defined long term
field measurements to evaluate and validate their predictions. To
enable this on a global scale, it is necessary to use methods that

give comparable results. Standardization is a proven approach to
accomplish such requirements, not only by describing complete
methods, but also by developing guidelines for the use of
methods that are still under development. In this paper, we
evaluate the availability of required standards for quantitative
assessment of the role of soil in the fluxes of GHGs and soil C
stocks.

Both GHGs fluxes and C stocks in soil are complex to
measure, variable, and heterogeneous as they are governed by
climate (e.g., temperature, moisture regimes, N deposits), soil
characteristics (e.g., pH, clay content, cation exchange capacity),
and for managed soils by the agricultural or forestry practices
(e.g., crop and wood residues management, soil tillage, soil
amendments and fertilizers, irrigation). These factors generally
interact and their effects on SOC stocks and GHGs emissions are
still poorly quantified (Eglin et al., 2010; Fujisaki et al., 2015).
Moreover, C and N cycles are closely connected as for example
organic matter decay may produce CO; but also N,O through
heterotrophic nitrification and/or denitrification (Zhang et al.,
2015).

Several international and European policies are now
acknowledging the importance of soils, which means that proper,
comparable and reliable information is needed to report on C
stocks and GHGs emissions from soil. It also implies a need
for consensus on the adoption and verification of mitigation
options that soil can provide. Therefore, the need for standards
is becoming urgent to ensure comparable estimations of either
C stocks or GHGs emissions. Paustian et al. (2016) together
with The Global Soil Partnership in its pillar 5 (Montanarella
and Vargas, 2012) call for harmonization of protocols, methods,
measurements, and indicators for soil management to facilitate
comparability and exchange of data. This paper reviews existing
ISO standards and identifies the need for new ones to support
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climate policy requirements regarding soil processes that control
C storage and GHGs emissions.

POLICY NEEDS

Policy frameworks concerning soil C and GHGs emissions have
recently evolved at both the European and global level. The main
driver for this is the United Nations Framework Convention
on Climate Change. Within this convention, emissions of N,O
and CHy from managed soils (i.e., particularly agricultural
soils) are taken into account whereas in most countries the
emissions of CO, are counted only if land use changes occur
(e.g., deforestation and conversion of grasslands to croplands
result in a loss of SOC). Since the COP 17 in Durban in
2011, a more holistic approach asks also for considering soil
management (not only land use changes) when accounting for
CO; fluxes (UNFCCC, 2011; EU, 2013). As an example, EU
asks for “new accounting rules applicable on a mandatory basis
to the activities of afforestation, reforestation, deforestation,
and forest management, as well as to the activities of grazing
land management and cropland management, subject to specific
provisions with a view to improving Member States’ reporting
and accounting systems during the first accounting period. This
Decision should also provide for accounting rules applicable
on a voluntary basis to revegetation and wetland drainage and
rewetting activities.” Such changes will require the development
of monitoring, reporting and verification (also called MRV)
systems as also stressed by the recent agreement on climate
change signed in Paris (UNFCCC, 2016a). The aim is to be
able to assess and monitor the impact of mitigation measures
and to document this information in a transparent way so that
it can be examined for accuracy. This is even more important
if mitigation options based on soil management are promoted
and included into financial mechanisms where a payment will
be made for reducing emissions or increasing C stocks in
soils (Thamo and Pannell, 2015). As an example, the 4%o
Initiative (4pmille.org; Lal, 2016), launched by France during
COP 21, aims to demonstrate that agriculture, and agricultural
soils in particular, can play a crucial role where food security
and climate change are concerned. This initiative invites all
partners to declare or to implement practical programmes for
C sequestration in soil and the types of farming methods
used to promote it (e.g., agroecology, agroforestry, conservation
agriculture, landscape management).

Such initiatives not only underline that soil C is a controlling
parameter in climate change, but also underline the crucial
role of soil organic matter in maintaining soil fertility (Lal
et al., 2007) and supporting life in soils (i.e., soil biodiversity).
SOC is, therefore, also directly linked to the convention on
biodiversity (UNCBD), on desertification (UNCCD) and on
food security (FAO Global Soil Partnership; Montanarella, 2015;
Figure 2). Sequestration of C in soils can be considered as a “win-
win” strategy since it can reduce vulnerability to erosion and
improve soil biodiversity and fertility (UNCCD, 2015; UNFCCC,
2016b). Organic matter being such a key constituent, any strategy
aimed at maintaining and increasing its content in soils will

contribute to climate mitigation but also prevent or combat
soil and land degradation (Sustainable Development Goals n°15,
https://sustainabledevelopment.un.org/sdgs; Montanarella and
Alva, 2015).

To estimate GHGs emission and soil C stock changes, the
Intergovernmental Panel on Climate Change (IPCC) developed
a series of mathematical equations that relate data on land
use and management activities to emission/storage factors to
estimate fluxes from these activities (see IPCC, 2003, 2006).
The methodology is based on a tiered approach depending
on the scale and the quality of the data available. Briefly,
tier 1 corresponds to very large-scale approaches, with average
emission factors for large eco-regions of the world (e.g., boreal,
temperate, and tropical). Tier 2 is similar conceptually but
uses specific data linked to either a state, region, landscape,
or even project. It requires more accurate emission factors
usually obtained by intensive field measurements at the required
scale (note that those factors need to be peer reviewed before
acceptance). Tier 3 is a much more detailed approach, usually
including biophysical modeling and requiring data on land use
and management.

Tiers 1 and 2 calculations are based on multiplying emission
factors for a given gas and source category (e.g., N,O for
agricultural soils) by the information on the emission source (e.g.,
the area, the amount of mineral fertilizers). Several calculators
have been developed for such purpose but more precise
information is needed to guarantee an accurate accounting of
GHGs emissions or SOC stocks (Colomb et al., 2013; Milne
et al.,, 2013). This could be done by modeling (Tier 3) but such
an approach is currently only available for a small number of
emission sources (e.g., N,O soil emissions from nitrification or
denitrification, see Le Gall et al.,, 2015) and limited to either a
specific region or country (in most cases temperate regions) or
a specific agricultural productions (e.g., flooded and irrigated
rice). The calibration step of models with long-term datasets is a
critical point (Stockmann et al., 2013), and generally such models
cannot be used worldwide, for all crops, forests, and management
options.

Up to now several countries have proposed Tier 2 methods
based on direct measurements of soil C stocks (see for example
the French and UK inventories that use C data from their national
soil monitoring networks—Citepa, 2014; Webb et al., 2014) and
N, O emissions [e.g., Canada (Rochette et al., 2008), New Zealand
(Clough et al., 2007), Netherlands (Kuikman et al., 2006)]. Few
Tier 3 approaches have been developed for accounting C stock
changes in forest soils: Finland and Norway inventories use
the Yasso model (Tuomi et al,, 2011) and Canadian inventory
uses the CBM-CFS3 model (Kurz et al., 2009). Considering
emissions from agricultural soils the Danish inventory uses
the C-Tool model (Taghizadeh-Toosi et al., 2014), the national
GHGs Canadian inventory (Environment Canada, 2015) uses
the CENTURY model (Parton et al., 1994) and N,O emissions
are estimated in the US inventory with the Daycent model (Del
Grosso et al., 2008).

Recently several initiatives around the world have attempted
to quantify at national or at global scale the potential of soils to
mitigate climate change. Chenu et al. (2014) estimated for France
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that around 1 million tons of C could be sequestered annually by
changing soil management (e.g., development of direct seeding).
Schulte et al. (2016) proposed a framework for climate smart land
management in Ireland where they combine and map soil and
land information including the current soil C stocks, the potential
additional SOC storage and the sensitivity of soils to emit CO;.
McNally et al. (2017) estimated the C sequestration potential of
soils from permanent pasture and continuous cropping in New
Zealand using the concept of saturation deficit as previously used
by Angers et al. (2011). At the global scale, Paustian et al. (2016)
summarized soil management practices and estimated a potential
of mitigation of around 8 Pg (Co; eq) a year. Minasny et al. (2017)
surveyed the soil C stock estimates and sequestration potentials
from 20 regions in the world showing that C sequestration in soils
can contribute to mitigating climate change over the next ten to
twenty years. All those approaches were based on data gathered
over time and obtained with different methods for sampling
and analysis. This makes results difficult to compare across the
different countries or regions.

Variation of C stocks may also be of importance when
evaluating the environmental benefits of policies like the
production of bioenergy (Bispo et al.,, 2014). National policies
on bioenergy resulted in an higher demand for agricultural
feedstock (e.g., maize for bioethanol or palm oil for biodiesel)
increasing the agricultural prices leading farmers in turn to
increase their output, either by intensifying (i.e., applying more
fertilizers) or by converting non-agricultural land (e.g., grassland
or forest). The resulting land use changes (LUC) caused the
release of the C stored in soils and in the above-ground biomass
into the atmosphere (Harris et al, 2015). For the last 10
years, the total net GHGs effect of biofuels (i.e., including LUC
emissions) is still debated in the scientific (Fargione et al., 2008;

Searchinger et al., 2008; Plevin et al., 2010; Zilberman, 2017)
and policy arenas (European Commission, 2012, 2015). It is,
therefore, crucial when performing environmental assessments
to improve the quality and quantity of our information on soils
(particularly SOC) not only for the assessment of sustainable
energy scenarios but also for many other societal choices. The
way we eat, live, and produce will modify either the use of
land (e.g., meat consumption, spreading of urban areas) and
the yield (e.g., development of organic agriculture) having in
turn consequences for soil C stocks locally or elsewhere in the
world (e.g., deforestation). Generic ISO documents to quantify
GHGs emissions and removals for projects and organizations
(ISO 14064-1, 2006; ISO 14064-2, 2006; ISO 14064-3, 2006;
ISO/TR 14069, 2013) and C footprint for products (CFP)
(ISO/TS 14067, 2013) exist already. Such standards facilitate a
stronger focus on climate change mitigation from a business
point of view. The main idea is that consumers and purchasers
should have an opportunity to use C footprint of products as a
selection criteria when purchasing goods or services. For most
types of business or production processes, adequate and reliable
databases, containing aggregated data based on a sufficient
number of measurements, exists. For processes where soil is
involved, this is not the case. Reliable and adequate, aggregated
data are missing for GHGs emissions and soil C stock changes
resulting from land cover and land use change as well as from
processes involving change of physical, chemical and biological
status when soil is utilized over time in production or other
business processes.

Both climate change policies and markets call for widely
accepted reliable accounting and reporting of C stock and
stock changes and GHGs emissions. Protocols, methods, and
models developed by scientists for investigating and deciphering
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processes in soils need to be translated into practical and
transparent procedures. International standardization is a way to
achieve such objective, as the aim is to share knowledge and reach
agreement on a document (e.g., standard, guideline, technical
report) that can be used worldwide. Having an international
common way to measure and report is crucial to verify and
control emissions and stock changes linked to variations in
land use or management, and to take appropriate decisions
(Figure 3).

EXISTING STANDARDS

ISO TC 190 has developed from the 1980’s more than 100
standards dealing with soil description and soil analysis. Until
the 1990s most of the standards were dedicated to the
characterization of soil quality regarding fertility in relation to
food production. Subsequently, the main emphasis shifted to
the analysis of soil contaminants (e.g., trace elements, organic
molecules) and the respective impact on soil living organisms
(e.g., bacteria, soil invertebrates). Here we review existing ISO
standards focusing on their potential use for climate change
policies. Table1 describes the main existing standards that
can be used for that purpose; we refer to that table for a
specification of all the standards numbers mentioned in this
article. The standards listed in this Table are organized in several
sections including soil description, soil sampling strategies, and
characterization of the collected samples. These standards have
been selected for their potential use to measure relevant soil
parameters, to describe and to monitor soil status, as well as
to parameterize models (e.g., tier 2 regional reference values
and Tier 3 mechanistic models). Specific examples of potential
applications for the accounting of soil C stocks and fluxes of
GHGs are discussed below.

For Tier 1 level, SOC stocks and GHGs emission factors
are already defined in IPCC (2006). Reporting requires only
the knowledge on soil types (organic versus mineral), land use

and management. ISO 15903 (2002) and ISO 25177 (2008) may
provide help to define and share information on soils and site.
For Tier 2 and 3, spatial variability (surface and depth) becomes
important. The measurement of C stocks in soil (see Equation
1, adapted from Poeplau et al., 2017), at a given location will at
least require the analysis of organic C concentration (ISO 10694,
1995 or ISO 14235, 1998), bulk density (ISO 11272, 1998), the
content of fine and coarse particles (and associated OC and N)
(ISO 11277, 2009), and soil depth (ISO 25177, 2008).

n
C stock = Zi_l 10 X p; x SOC; x BD; x (1 — CP;)(in kg.m™2)
1)
Where:

pi (in m) is the thickness of the soil layer i.

SOC; (in g.kg™!) is the organic carbon concentration of layer
i in fine soil.

BDi (in kg.dm~3) is the bulk density of layer i of fine soil.

CP; is the percentage of coarse particles of layer i.

n is the number of soil layers.

At larger scales (e.g., landscape, regional, national), high-
throughput techniques such as infrared spectroscopic methods
may be used to quantify SOC in large soil sample sets (ISO
17184:2014). The sampling strategy should also be defined
according to the accuracy needed. As an example, in order to
detect C stock changes within the existing EU soil monitoring
networks, Saby et al. (2008) calculated the minimum detectable
difference in SOC and showed that only changes at least of
5g Ckg! soil could be detected for the denser networks
with at least one soil sampling point each 300 km?. ISO
16133 (2004) provides general guidance on the design and
maintenance of such soil monitoring programmes but does
not specify the requirements needed to detect SOC changes
(e.g., time between two consecutive samplings). Considering
emissions of GHGs and to forecast SOC changes at Tier
3 level, other parameters should be included, such as soil
moisture (ISO 11274, 1998), pH (ISO 10390, 2005), total N

FIGURE 3 | Standards as a link between science and policies.
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TABLE 1 | Main existing ISO standards needed to measure or model GHGs fluxes, C stocks and controlling parameters of soils.

ISO
numbers:year

Title of the standards (shortened) Rationale

Tier

Describing and reporting on
soils

Sampling soils, storing, and
pre-treatment of soil
samples

Basic description of soils

Soil moisture

C and N content in soil
samples

CandN
dynamics —Biological
methods

ISO 156903:2002

ISO 25177:2008
ISO 28258:2013
ISO 16133:2004

ISO 18400 series

ISO 11464:2006

1ISO 23909:2008

ISO 11277:2009

ISO 11508:1998
1ISO 11272:1998
ISO 10390:2005
ISO 13536:1995

ISO 11271:2002
ISO 10693:1995
ISO 11274:1998

ISO 16586:2003
ISO 11261:1995

ISO 13878:1998

ISO 14255:1998

ISO 10693:1995
ISO 10694:1995

ISO 12782-4:
2012

ISO 12782-5:
2012

ISO 14235:1998
ISO 17184:2014

ISO 14238:2012

ISO 156685:2012

ISO 16072:2002

Format for recording soil and site
information

Needed to record, organize, and
share relevant information about the

Field soil description site and the sampled soil
Digital exchange of soil-related data

Guidance on the establishment and
maintenance of monitoring programmes

Collection of standards on soil sampling
(strategies and practice)

Needed to design, collect, store, and
prepare soil samples for
physico-chemical analyses (note that
other sampling methods are available
for biological properties of soils)

Pre-treatment of samples for
physico-chemical analysis

Preparation of laboratory samples from
large samples

Determination of particle size distribution
in mineral soil material

Needed to acquire basic information
about the soil sample, usually for

Determination of particle density interpreting the data or modeling

Determination of dry bulk density
Determination of pH

Determination of the potential cation
exchange capacity and exchangeable
cations

Determination of redox potential

Determination of carbonate content

Determination of the water-retention

characteristic

Determination of soil water content

Needed to measure the content and

forms of C and N in soils, used for
reporting or for modeling

Determination of total Kjeldahl nitrogen

Determination of total nitrogen content by
dry combustion

Determination of nitrate nitrogen,
ammonium nitrogen, and total soluble
nitrogen

Determination of carbonate content
Determination of organic and total carbon

Extraction of humic substances from solid
samples

Extraction of humic substances from
aqueous samples

Determination of organic carbon

Determination of carbon and nitrogen by
near-infrared spectrometry (NIRS)
Determination of nitrogen mineralization
and nitrification in soils and the influence of
chemicals on these processes
Determination of potential nitrification and
inhibition of nitrification

Needed to forecast the dynamics of
C and N in soils, usually for modeling

Laboratory methods for determination of
microbial soil respiration

1, 2, and 3 (soil description
is always needed)

2 and 3 (sampling soils may
be needed to develop tier 2
and 3 approaches)

2 and 3 (measurement of
soil parameters needed to
characterize tier 2 values
and to run tier 3 models)

2 and 3 (measurement of
soil parameters needed to
characterize tier 2 values
and to run tier 3 models)

Mainly 3 (measurement of
soil parameters needed to
run tier 3 models)

(ISO 11261, 1995 or ISO 13878, 1998), ammonia and nitrate
contents (ISO 14255, 1998), texture (ISO 11277, 2009), or
biological activities such as the microbial nitrification potential
(ISO 15685, 2012). Several models for N,O emissions consider
physico-chemical parameters (e.g., soil bulk density, moisture,

pH, particle size distribution, N fractions) together with
biological measurements (e.g., the NoE algorithm of Hénault
et al.,, 2005 used in the CERES-EGC model; Gabrielle et al.,
2006), which can be obtained from these already available
standards.
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NEEDED STANDARDS ACCORDING TO
POLICY REQUIREMENTS

Standards listed in Table1 are already available even though
some adjustment may be required to address specific policy
needs regarding climate change (e.g., number of samples to
be collected depending on scale or time). These existing
standards cover mainly the measurement of basic soil parameters
together with the status of C and N that can be used to
monitor their concentration and stocks in soils. No available
standard covers the measurement or the forecast of emissions
of GHGs from soil and no guideline is yet available to explain
how to estimate C stocks in a landscape or at a regional
level. Below we elaborate more specifically on new standards
that we suggest to be developed in view of climate policy
requirements.

Upcoming climate policies will call for actions regarding the
protection and increase of existing SOC stocks (Bernoux and
Paustian, 2014; e.g., 4 per mille initiative) and for reducing GHGs
emissions. Such measures will require standardized methods (i)
to assess the current SOC stocks and emissions at the relevant
scales (e.g., farm, region, country, and continent), (ii) to estimate
the potential of sequestration and emission mitigation depending
on land use (e.g., afforestation) or management changes (e.g.,
no till), and (iii) to verify the efficiency of the mitigation
policies. As already discussed, several standards are available
for estimating SOC stocks at the point scale. However, there
is still a need for standard guidance documents to estimate
stocks at various spatial scales (Stolbovoy et al., 2007; Morvan
et al,, 2008; Saby et al., 2008; Schrumpf et al., 2011; The Earth
Partners LLC, 2012; Chappell et al., 2013; de Gruijter et al.,
2016; Miller et al., 2016; Maillard et al., 2017). Rapid, accurate
and cost effective procedures (e.g., remote sensing, infrared
spectroscopic measurements in the field) are needed to enable
frequent monitoring of SOC data on a large scale (Vaudour
et al,, 2013; Gras et al., 2014; Cambou et al., 2016; Lobsey and
Viscarra Rossel, 2016; Ramifehiarivo et al., 2017). Moreover, from
a climate change point of view it is also important to provide
standard guidance on the detection of SOC stock changes, as
these changes can either have a negative (emissions) or beneficial
effect on climate change (mitigation). The vertical distribution
of SOC stocks within the soil profile should also be carefully
monitored in a standardized manner as it can evolve with land
use and management (e.g., tillage vs. no-till; Olson and Al-Kaisi,
2015; Poeplau et al., 2017).

Considering GHGs emissions from soils, several protocols
have been developed based on chamber methods (de
Klein and Harvey, 2012; Epron et al, 2016) or micro-
meteorological techniques (Laville et al, 1999). Guidelines
should provide assistance in choosing the relevant method
according to specific needs and scale (Hassouna et al,
2016; ISO WD 20951, 2017). Technical standards should
also be proposed to harmonize protocols and improve
quality and comparability of data. For example, Rochette
and Eriksen-Hamel (2008) analyzed 356 studies using
chamber methodology for measuring N,O and evaluated
that more than half of these studies could not be judged

robust because of an inadequate protocol or/and insufficient
reporting.

Forecasting C sequestration in soils and estimating GHGs
emissions from soil will require models developed and calibrated
at local or at least at regional scales. Standardized soil data, site
description (e.g., temperature, rainfall) and land management
(e.g., fertilization, tillage) will be needed to model the dynamics
of Cand N in a comparable manner. Several models are available,
and standards should provide recommendations for their proper
use and validity of the results depending on the scope of
the study. Standards should be used for model initialization
and/or parameterization, if based on measurable quantities. For
example, the YASSO model describes different kinetic pools for
litter and SOC, which are determined by chemical extractions in
water, ethanol and acid (Tuomi et al., 2011). The size of the soil C
pools of the rothC model can also be initialized by a SOC physical
fractionation scheme (Zimmermann et al., 2006; Wiesmeier et al.,
2016; Nemo et al., 2017). The NoE algorithm (Hénault et al,,
2005), which is used to simulate N,O emissions in various agro-
ecosystem models, explicitly integrates the soil capacity to reduce
N,O (Hénault et al., 2001).

Standardized proxies to estimate the capacity of soils to
store/lose C and to enhance/reduce GHGs emissions can also
help land managers and policy makers to make choices on land
use and soil management (Dignac etal., 2017). For example, some
authors have proposed that we could calculate a soil C deficit
from soil properties including fine particles content (Hassink,
1997; Six et al., 2002; Feng et al., 2013; Beare et al., 2014), and
thus estimate the ability of a soil to store additional C. Specific
organic matter fractions such as particulate organic matter have
been proposed as proxy or early indicators for soil C changes and
thermal analysis can indicate the potential for SOC loss on large
soil sample sets (Saenger et al., 2015; da Silva Oliveira et al., 2017;
Dignac et al., 2017).

Finally, standards should be developed for the verification
of soil C sequestration, for instance in projects where financial
compensation is considered. One of the main difficulties in
soil C auditing is to measure C storage at a manageable
cost with appropriate statistical confidence (de Gruijter et al.,
2016). Standards are required to provide a common framework
and give confidence to investors and policy makers. Table 2
presents standards or guidelines that we suggest to be developed
to address the above issues. We propose this work to be
developed within ISO TC 190 in close cooperation with other ISO
committees (e.g., ISO 207), international initiatives such as the
4 per 1,000 initiative (http://4p1000.org/), the Global Research
Alliance (http://globalresearchalliance.org/), the International
Soil Carbon Network (http://iscn.fluxdata.org/), and the ICOS
Ecosystem Network (http://www.europe- fluxdata.eu/icos/home)
to answer policy needs and support IPCC tier 2 and/or 3
approaches.

CONCLUSION

Soil is a large and essential C stock. It is not only vulnerable
to the effects of climate change, it also provides opportunities
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TABLE 2 | Suggested new standards and guidelines to facilitate policy needs.

Goal

Standards/guides to be developed

Rationale

Examples of technical and scientific
references

Guidance documents on soil
sampling for stocks calculation

Estimate SOC stocks
and GHGs emissions
from soils

Guidance documents and/or
standards to measure GHGs
emissions from soil

Standards for in situ measurement of
C and N contents

Standards to measure soil
temperature and moisture

Estimate the potential of

sequestration and/or rate

of GHGs emissions
Standards to measure the different
fractions of C in soils

Standards for measurement and
calculation of proxies of soil
contribution to GHGs emissions and
C storage

Guidelines to estimate GHGs
emissions from soil using models

Recommendations are needed to design
sampling campaigns depending on the scale
(e.g., plot, landscape, nation, continent) and
the observed system (e.g., homogenous
agricultural plot, agroforestry plot)

Several methods have been developed to
measure emissions of GHGs from soil.
Recommendations are needed to choose the
relevant one according to specific needs and
scale

For reporting, verification purposes and cost
reduction, it is important to be able to quickly
process large numbers of samples (in or ex
situ). Suitable methods may include remote
sensing or spectroscopic methods

Knowledge of soil climate in the field is needed
to model emission and the dynamics of organic
matter

Soil organic matter consists of a variety of
molecular components that may be more or
less recalcitrant and/or physically protected
against microbial degradation. Knowledge of
the size of C fractions with specific mean
residence time in soil can be used to
parameterize models of the dynamics of C in
soils

Proxies for the capacity of soils to store/lose C
and to enhance/reduce GHGs emissions can
help to make choices on land use and soil
management

Recommendations should be made to proper
use models and check the validity of the results
depending on the scope of the study

Recommendations for estimating soil C stocks
in rocky soils (Poeplau et al., 2017)

Plots and soil monitoring networks for
detecting soil C stock changes (Stolbovoy

et al., 2007; Morvan et al., 2008; Saby et al.,
2008; Schrumpf et al., 2011; The Earth
Partners LLC, 2012; Chappell et al., 2013)

Protocol for assessing C stock in alley cropping
agroforestery plots (Cardinael et al., 2015)

Chambers method (Rochette and
Eriksen-Hamel, 2008; de Klein and Harvey,
2012) or micro-meteorological techniques
(Laville et al., 1999) for measuring CO», NoO
and CH4 emissions (see for example Epron
et al., 2016; Hassouna et al., 2016; ISO/DIS
20951, 2017)

A standard for laboratory spectroscopic
determination of SOC and total N
concentrations exists (see Table 1), but
standards for their spectroscopic determination
in the field are needed for both concentrations
(Gras et al., 2014) and stocks (Cambou et al.,
2016; Lobsey and Viscarra Rossel, 2016)

Remote sensing for mapping topsoil organic C
(Vaudour et al., 2013)

Protocols developed by the Integrated Carbon
Observation System (ICOS network) could be
used (https://www.icos-ri.eu/)

The French standard (NF X31-516, 2007)
describes a granulo-densimetric fractionation
method of soil organic particulate material
known to be more labile in soils. Another soil
organic C physical fractionation scheme has
been proposed to initialize the rothC model
(Zimmermann et al., 2006; Wiesmeier et al.,
2016; Nemo et al., 2017)

Thermal analysis provides reliable and
cost-effective information on the
biogeochemical stability of soil C and can be
used to estimate the size of soil organic C
fractions (Saenger et al., 2015; Barré et al.,
2016; Campo and Merino, 2016)

Soil C saturation capacity (Angers et al., 2011;
Wiesmeier et al., 2014) has been proposed to

estimate the potential gain of soil organic C. Its
relevance for predicting soil C storage remains
to be evaluated (O’Rourke et al., 2015; Dignac
etal., 2017)

Physical fractionation of soil organic C
(particulate organic matter fraction) and thermal
analysis have been proposed to estimate the
potential for soil C loss (Dignac et al., 2017 and
references therein)

Soil capacity to reduce NoO (Hénault et al.,
2001; Jones et al., 2014)

As an example see (Parton et al., 1994; Del
Grosso et al., 2008; Kurz et al., 2009; Tuomi

et al., 2011; Taghizadeh-Toosi et al., 2014)

(Continued)
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TABLE 2 | Continued

Goal Standards/guides to be developed Rationale Examples of technical and scientific
references
Guidelines to assess the quality of Recommendations should be made to check As an example for NoO emissions see de Klein
data and data treatment the quality of data to be used for reporting, and Harvey, 2012
mapping and modeling
Verify the effect of Guidelines to design in space and Recommendations are needed to select the See Brus and De Gruijter, 1997; de Gruijter

mitigation options time how to sample soils to monitor

the variation of C stocks

appropriate way of sampling (time x space)
depending on the accuracy needed to detect

etal., 2006, 2016

changes in C stocks (e.g., early detection or
long term variation)

for mitigating emissions of GHGs. It is already observed that
significant changes in (i) temperature, (ii) rainfall, (iii) frequency
of extreme events (e.g., droughts, frost, heat waves, and fires)
will significantly affect soil properties and biological functioning
including soil organic matter pools and GHGs emissions.
Measuring and reporting both the effect of climate change on
soil SOC stocks as well as quantifying the effects of soil-based
mitigation measures for GHGs emissions, is crucial to value and
finance these measures and develop effective policies. Relevant
international standards and guidelines have to be used to evaluate
the results in a consistent manner and to ensure both the
quality as well as the comparability of data. This paper describes
standards already developed within ISO TC 190 for soil quality
guidelines and parameters (Table 1) that can be used for this
purpose, and calls for the development of new ones (Table 2)
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