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Soil carbon 4 per mille: a good initiative but let's manage not only the soil but also the expectations

Comment on Minasny et al. (2017) Geoderma 292: 59–86
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Handling Editor: Dr. Jan Willem van Groenigen

Minasny et al. (2017) evaluated sequestration potentials for soil organic carbon (SOC) for twenty world regions to assess whether the ‘4 per mille
Soils for Food Security and Climate’ initiative, launched in 2015 at COP21 in Paris, is feasible. They present an interesting overview of SOC
sequestration rates after the adoption of best management practices in those regions, mostly varying between 0.1 to 1.0 t C ha−1 year−1. Another
interesting empirical result is the average declining potential SOC accumulation rate in response to different management practices, i.e.
afforestation > conversion to pasture > use of organic amendments > residue incorporation > no or reduced tillage > crop rotations. This
also holds for the reported empirical relationship between observed per mille SOC sequestration rates and initial SOC stock based on the results in all
the regions.

I also agree with their conclusion that “under best management practices, 4 per mille or even higher sequestration rates can be accomplished” but
I do not think that their “reported soil C sequestration rates globally show” that this is the case. My concern with the paper is the reported high
potential global SOC sequestration rate, partly related to a wrong interpretation of the rationale behind the 4 per mille initiative. I start with the
latter aspect and then come back to the implausible high global SOC sequestration rate.

Rationale behind the 4 per mille initiative
Minasny et al. (2017) suggest that the rationale behind the 4 per mille initiative is a complete compensation for the global annual CO2 emissions

from fossil carbon, estimated at 8.9 GtC (109 tonnes or 1015 g denoted as Pg). Dividing this amount by a global SOC stock up to 2 m of soil depth of
2400 GtC would then lead to a SOC sequestration rate of 0.37% per year, approximated at 0.4% per year. This is, however, not the rationale behind
the initiative. The rationale is to counteract completely the annual rise in atmospheric CO2 (http://newsroom.unfccc.int/media/408539/4-per-1000-
initiative.pdf).

And this rise is estimated at 4.3 GtC yr−1 based on the average value in the period 2003–2012 (Le Quéré et al., 2013), although average for the
period 2006–2015 indicates an atmospheric rise of 4.5 GtC yr−1 (Le Quéré et al., 2016). The annual rise in atmospheric CO2 is only part of the
estimated total CO2-C emissions (estimated Le Quéré et al., 2013 at 9.4 GtC yr−1, i.e. i.e. 8.6 GtC yr−1 by fossil fuels and 0.8 GtC yr−1 by
deforestation), since part of it is taken up by oceans and land, estimated near 5.1 PgC yr−1 equally divided over oceans and land (Le Quéré et al.,
2013). Furthermore, the global SOC stock up is not counted up to 2 m of soil depth, leading to 2400 GtC, but to 40 cm, leading to 860 Gt C, not
accounting for carbon in permafrost (Anonymous, 2015). Increasing the SOC content up to 2 m is totally impossible within decades. Only top-soil
organic matter responds to land management changes within a few decades, also being the reason that nearly all estimates on annual SOC stock
changes in response to management measures in Minasny et al. (2017) refer to a depth that is at maximum 40 cm. Multiplying 860 Gt C by 0.4%
equals 3.4 GtC yr−1 and combining this aim with stopping of deforestation, it leads to 4.3 GtC yr−1 being the correct scientific rationale behind the
initiative (Anonymous, 2015).

Implausibility of upscaling results to the global scale
The above mentioned correction is as such not a big issue, but it implies that the upper range of the estimated global scale SOC sequestration

mentioned in the abstract of the paper, i.e. 2–3 Gt C yr−1, would meet the official aim of 3.4 GtC yr−1 (and not 8.9 GtC yr−1). This range is based on
the potential to increase SOC is in the top 1 m of 3900 to 4900 Mha of managed global agricultural land, which according to Minasny et al. (2017)
helds an SOC stock of 480 to 790 GtC. And it is here where I have a concern and this also holds previous estimates that suggest similar ranges (Smith
et al., 2008; Paustian et al., 2016).

Even if we use the upper area value of 4900 Mha, a SOC sequestration rate of 2–3 Gt C yr−1 implies an average annual sequestration rate of
410–610 kg C ha−1 yr−1. As such, this is already a high value considering the results by Minasny et al. (2017). In commenting the overall results,
presented in Table 1 of the paper, the authors state that the studies “suggest that an annual rate of 0.2 to 0.5 tonnes C per hectare is possible, after the
adoption of best management practices…”. More important, however, this area is far too large to be used for extrapolation. There is a wide range in
estimates of global land areas, but reasonable estimates are 1510–1611 Mha for agricultural crop land (11–12% of total land area) and
2500–3410 Mha for grasslands (19–25% of total land area), as given by Lambin and Meyfroidt (2011), based on FAO data: http://faostat.fao.org.
Similar values for crop land are given by Ramankutty et al. (2008) using a combination of high resolution agricultural inventory data and satellite-
derived land cover products i.e. 15.0 (90% confidence range of 12.2–17.1) million km2 of cropland and 28.0 (90% confidence range of 23.6–30.0)
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million km2 of pasture (22%) in the year 2000. The sum of both cropland and grassland, i.e. approximately 4000–4900 Mha of global agricultural
land, also coincides with the range given by Minasny et al. (2017, who label it “managed global agricultural land”. However, this is not correct. The
grassland area only includes a small part that is managed/fertilized while the largest part is unmanaged rangeland used for rough grazing. Bouwman
et al. (2005) estimates that 565 Mha of grassland is part of mixed livestock production systems, being managed which is 17–22% of the total
grassland area. Using the combined area of both cropland and managed grassland, using the estimates given above, leads to approximately 2100 Mha
of managed land. Even when it would be possible to sequester SOC for all that land at a rate between 0.2 to 0.5 tonnes C per hectare, it would lead to
a maximum of 0.4–1.1 GtC yr−1, 3–5 times as low as the given estimate. As indicated by Lal (2016), there is in addition also SOC sequestration
potential in grazing lands, forest lands and degraded lands, but this is much more limited.

The overestimation can also simply be derived from the need for nutrients to sequester the suggested amount of carbon. When
410–610 kg C ha−1 yr−1 would also have to be sequestered, following from the estimated by the authors, this would require
27–40 kg N ha−1 yr−1 if we assume a constant soil C/N ratio of 15 (Batjes, 1996). This is much higher than the average global N deposition
rates on grassland. By using an overlay of the global land cover map with N deposition data derived by the TM model (Dentener et al., 2006) a global
average N deposition of only 4.7 kg N ha−1 yr−1 can be derived. Even when accounting for an average N fixation in the same order of magnitude,
being an upper estimate for some grasslands (Cleveland et al., 1999), the assumed sequestration rates are unlikely. A similar reasoning holds for
phosphorous (P). Even if one assumes a C/P ratio as high as 500, it would imply a P sequestration near 1 kg P ha−1 yr−1, while the sum of average P
deposition and P weathering is average at most 0.1 kg P ha−1 yr−1 (Vet et al., 2014; Cleveland et al., 2013).

In their summary, the authors quote Lal (2016) that the 4 per mille initiative should be more about the concept than any specific numbers. I do
agree with this point. But presenting those large unrealistic potentials, including treating unmanaged soils as if they were managed, and not
accounting for the lack of nutrients that are crucial to reach the SOC sequestration rates, leads to unrealistic expectations of soil organic carbon
management. The 4 per mille initiative is for sure a good one. Let's indeed manage our soil in a climate smart way, but let's at the same time manage
our expectations.
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