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The role of carbon farming in agriculture or forestry to mitigate climate change is currently under intensive
scientific discussion along with the gradual but progressing evolution of the voluntary carbon market and its
certification. An overarching issue is the question of the permanence of terrestrial carbon sinks. In this comment,
I discuss the climate benefit of non-permanent carbon sinks in light of a recent publication stating that carbon

certificates fall short of expectations for climate change mitigation because of their non-permanence. The
beneficial effect of short-lived sinks is real and quantifiable, and this understanding is applicable within ex ante
biophysical discounting, which has the potential to improve the trustworthiness of climate change mitigation via

carbon farming.

1. Main text

Carbon farming refers to land use and farm practices to sequester
carbon in natural sinks, such as vegetation and soil, or to abate green-
house gas emissions from agricultural production (Tang et al., 2019). In
a narrower sense, carbon farming can be defined as the intentional in-
crease of carbon storage in ecosystems for the purpose of reducing the
atmospheric carbon dioxide (CO3) content. Carbon farming is increas-
ingly seen as a way to contribute to climate change mitigation (EC,
2022). The value of carbon farming practices such as soil carbon
sequestration has been acknowledged overall (Chenu et al., 2019) and
has led to the evolution of so-called carbon markets, where carbon
certificates, generated by means of carbon farming, are sold to
compensate for greenhouse gas (GHG) emissions (Black et al., 2022).
There are, however, several barriers to implementing carbon farming
schemes in a scientific and reliable way, of which quantification, leakage
and permanence are most important (FAO, 2020). These requirements
are therefore part of evolving monitoring, reporting and verification
schemes (Smith et al., 2020), which report to an accredited party that
issues certified carbon credits.

The requirement of permanence in a strict sense is seen as a major
obstacle to implementing carbon farming because it cannot be guaran-
teed. Ecosystems are open, with bidirectional fluxes of carbon (and other
GHGs) that are intrinsic to any of these systems. To overcome this lim-
itation, carbon farming schemes usually limit the requirement of
‘permanence’ to a few decades and credit savings relative to a baseline
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scenario (Oldfield et al., 2022). In addition, credit buffers are generated
in order to compensate for possible project failures (VCS, 2019). These
practices are highly disputed in the scientific community based on the
argument that if the carbon content of a sink (e.g., soil) created through
a project converts back to its previous level, no climate benefit is ach-
ieved. Paul et al. (2023) argued that soil carbon certificates fall short of
expectations for climate change mitigation as the permanence of soil
organic carbon sequestration cannot be guaranteed. Furthermore, to
provide climate change mitigation and offset emissions, CO, removal
from the atmosphere must be permanent (Paul et al., 2023). This
perception is, however, misleading as temporary carbon sinks are still
beneficial for the climate, even if fully reversed, as exemplified below.

The atmospheric response to a temporary (or permanent) with-
drawal or release of CO; by a sink or a source can be quantified by using
so-called impulse response functions, which represent the dynamics of
atmospheric CO2 as pools or reservoirs with varying lifespans (Joos
et al., 2013; Millar et al., 2017; Smith et al., 2018; Parisa et al., 2022).
The climate benefit of a temporary sink is illustrated in Fig. 1 and has
been explored recently in more detail by Sierra et al. (2021) and Leifeld
and Keel (2022). Fig. 1 displays the result of simulating a short-lived
carbon sink (lifespan of 10 years, built-up and release period of 10
years) on the atmosphere over 1000 years. The average atmospheric CO»
content was computed starting from t0. Whatever the integrated time
horizon is, the average CO, with sink relative to that without sink is
below zero at any point in time. In other words, a short-lived sink has a
very long-lived and quantifiable climate benefit.
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Fig. 1. A temporary terrestrial carbon gain (dashed, grey) and the corre-
sponding response of the average atmospheric CO, content (blue). For better
comparability, the sink is displayed in CO, units and has a positive sign. Sink
formation is initiated at t = 10 years (t10), builds up to a maximum of 10 units
of CO,, at t20, holds the CO,, for 10 years, and then loses CO, between t30 and
t40 until reaching the pre-experimental level. The solid black line shows the
reference situation. The blue line displays the average atmospheric CO, since
t0. A maximum reduction is reached after 33 years with an average CO,
depletion of —3.82 units of CO,. The depletion before the terrestrial sink turns
into a CO; source is —3.67 units of CO,. The average effect on the atmospheric
CO,, content relative to the reference remains negative (—0.05 CO» units), even
after 1000 years. For the calculations, relative fractions of atmospheric CO5 of
0.2173, 0.224, 0.2824 and 0.2763, and perturbation lifetimes of 10°6, 394.4,
36.54 and 4.304 years were used following Joos et al. (2013) and Millar
et al. (2017).

The average sink size (represented by the integral under the dashed
line in Fig. 1) is almost linearly proportional to the cumulative global
cooling and thus average reduction in atmospheric [COs] (Leifeld and
Keel, 2022; Sierra et al., 2021). Of course, one ton of CO2 sequestered for
a limited time period—in many protocols, requirements for permanence
are only years to decades (Oldfield et al., 2022)—does not offset the
long-lasting climate effect of the same amount of CO; emitted by, e.g.,
fossil fuel combustion (Leifeld and Keel, 2022). Withholding buffers are
used in carbon certification in this context, but they are not bio-
physically substantiated, instead acting as a risk-management tool. Ex
ante discounting or temporary crediting (Murray et al., 2007) have been
proposed as suitable methods if the value of the discount rate or issued
credit is aligned with the difference in atmospheric CO, between a
shorter-lived and a permanent sink. However, this has not been detailed
hitherto, and the question arises as to how the longevity of a sink of the
same size relates to its climate benefit. An example of this is provided in
Fig. 2.

In all calculations, the average CO, remains below zero throughout
the simulated period. The slope of the regression line in Fig. 2 is 1.16%
per year. The offset of 6.8% is caused by the 10-year build-up phase in
the beginning (t10-t20). In the example, the soil sink of -10 units of COy
is reached after 20 years and held at maximum for 80 years. Hence, of
the 100% maximum achievement, 100%-6.8% = 93.2% are obtained
between t20 and t100; i.e. 1.16% x 80. The relationship is almost linear
over the considered time horizon (R? = 0.99). This rate, in consequence,
is a suitable ex ante biophysical discount relative to a sink that is
considered permanent, i.e., held for 80 years after reaching the
maximum sink size of 10 units of CO5 at t20 in this example. Instead of
paying an advanced payment, a project developer or offset broker may
therefore reward the farmer who generated the sink in the form of an
annual interest rate of, in this example, 1.16%. This annual payment
would be discontinued in the event of sink reversal. Such a scheme
would have two advantages — the climate benefit achieved by any point
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Fig. 2. Average atmospheric CO, content over 100 years following a soil
carbon sink implemented for different durations relative to a sink maintained
for 80 years. The sink is built up to a maximum of 10 units of CO starting at t10
at an annual rate of one unit of CO, per year. Starting at t20, the CO, is held for
different periods, as indicated by the numbers beside the lines. The blue line
represents the same scenario as in Fig. 1. The small insert shows the average
atmospheric [CO,] at t100 of the shorter lived sinks relative to maintaining the
sink until t100.

of discontinuation is fairly remunerated, and continuation of the project
is encouraged.

The situation of a non-permanent sink must not be confused with and
is quite different when investigating temporarily avoided emissions, as
illustrated in Fig. 3. Here, a displaced emission, for example, payments
for avoiding clearcutting a forest for 40 years (from t10 to t50 in this
example), will in the long run have the exact same effect on the atmo-
spheric CO,, with the difference diminishing and becoming zero once
the atmospheric perturbation has faded out. However, the integral
under the curve — sometimes referred to as the ‘ton-year’ (Moura Costa
and Wilson, 2000) — differs when using a shortened time horizon, such as
100 years, which is considered ‘permanent’ in carbon certification
schemes (VCS, 2019). The corresponding integrals are 485.1 and 305.3
ton-years for clearcutting a forest at t10 and t50, respectively, resulting
in an emission ‘saving’ of 179.8 ton-years. Hence, only owing to the
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Fig. 3. Time-course of atmospheric CO; following a pulse emission induced by
clearcutting a forest at t10 (solid dark grey line) and t50 (dashed light grey
line), instantaneously releasing 10 units of CO, into the atmosphere. The dark
grey area integrates over one century (t0-t100) for the 10-year example. The
light grey area represents the emission displaced beyond the 100-year time
horizon of ‘permanence’ for the 50-year scenario.
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selection of an (arbitrary) and comparably short project duration and
monitoring period, a displaced emission seemingly contributes to
climate change mitigation. This fact has been identified already in
earlier studies and might be one reason why carbon farming is viewed
negatively. For a deeper discussion on ton-years and displaced emis-
sions, see Fearnside et al. (2000); Levasseur et al. (2012) or Parisa et al.
(2022).

In summary, a critical analysis of carbon sink certification as a means
to mitigate climate change, as elaborated by Paul et al. (2023), is a
valuable contribution to address the sometimes overly optimistic po-
tential attributed to carbon farming. However, with respect to the issue
of failing a permanence requirement, often seen as one important
component of carbon markets, such a reservation is not justified per se.
This is in contrast to a mere time shift of emissions, which has no net
climate benefit but just allows for ‘buying time’ (Bellassen and Luys-
saert, 2014). The approach proposed in this study for dealing with
non-permanence by using biophysical discounting would help to
improve the scientific rigor of carbon farming in terms of its wider
application.
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