
 
* Anne-Marie Codur is a Research Fellow, William Moomaw is the Co-Director, and Jonathan Harris is 
Senior Research Associate at GDAE; Seth Itzkan and Karl Thidemann are Co-founders and Co-directors of 
Soil4Climate. Your comments may be sent to gdae@tufts.edu.  
 

Hope Below Our Feet 
Soil as a Climate Solution  

by Anne-Marie Codur, Seth Itzkan, William Moomaw, Karl 

Thidemann, and Jonathan Harris* 

 
Can the world meet the ambitious goals necessary to avoid 
catastrophic climate change? A major reduction in greenhouse gas 
emissions is clearly needed, but there is increasing scientific consensus 
that even if achieved, this will not be enough. In addition to a drastic 
reduction in carbon emissions, carbon must be removed from the 
atmosphere. An important solution is beneath our feet – the massive 
capacity of the earth’s soils to remove and store carbon from the 
atmosphere. 
 
Soils hold about three times more carbon than the atmosphere, and an 
increase in soil carbon content worldwide could close the “emissions 
gap” between carbon dioxide reductions pledged at the Paris 
Agreement of 2015 and those deemed necessary to limit warming to 
2o C or less by 2100. To meet this challenge, several international 
efforts to build soil carbon have been launched, with similar measures 
underway in the United States.  
 
Proposed policies include reforestation and innovative farming, 
ranching, and land management approaches that will enhance 
degraded soil and restore its carbon stock. The French-initiated effort, 
4 per 1000: Soils for Food Security and Climate, introduced to 
coincide with the Paris Agreement, calls for an annual increase of 0.4% 
in annual global soil carbon storage which, if achieved, would amount 
to nearly one third of total anthropogenic emissions. This brief also 
addresses other international soil carbon enhancement initiatives and 
legislation considered or enacted in US states.  
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The Climate Crisis and the Need for Negative Emissions 

The severity of the climate crisis is alarming.1 The Intergovernmental Panel on Climate 
Change (IPCC) predicts that without strong mitigation efforts, the likelihood of 
extreme and irreversible climate impacts is highly likely.2 A 2016 climate paper suggested 
that ice sheets in Greenland could undergo exponential rather than linear decline, 
causing abrupt sea level increases of several meters within a few decades.3 Additionally, 
it is now certain that even with immediate cuts in fossil fuel use, the warming impacts 
of CO2 already in the atmosphere will continue for centuries.4 The Paris Agreement, 
although a historic achievement, fails to meet emission reduction goals necessary to 
meet the target of 2oC warming or significantly less by the year 2100. The difference 
between the voluntarily pledged reductions, and those deemed essential to meet even 
the basic 2oC target, is called the “emissions gap.”5 To close this gap, and avoid the 
most extreme consequences there is a need for “negative CO2 emissions.”6 In 1988, 
climate scientist James Hansen warned that: 

If humanity wishes to preserve a planet similar to that on which 
civilization developed and to which life on Earth is adapted, 
paleoclimate evidence and ongoing climate change suggest that CO2 
will need to be reduced from its current 385 ppm to at most 350 ppm, 
but likely less than that.7 

But today atmospheric CO2 levels exceed 400 ppm and still rising. This level of CO2 

has not occurred since the Pliocene epoch, approximately 3 to 5 million years ago. 
While emission reduction efforts are essential, they are insufficient to meet climate 
protection goals, according to the Intergovernmental Panel on Climate Change: 

A large fraction of anthropogenic climate change resulting from CO2 
emissions is irreversible on a multi-century to millennial time scale, 
except in the case of a large net removal of CO2 from the atmosphere 
over a sustained period. 8 

It will be necessary to remove carbon dioxide from the atmosphere and store it long-
term. How can this be done? 
 

Soil as a Climate Solution 

Soil restoration can play a critical role in reducing atmospheric accumulations of 
carbon.9 10 

If rapid phasedown of fossil fuel emissions begins soon, most of the 
necessary CO2 extraction can take place via improved agricultural and 
forestry practices, including reforestation and steps to improve soil 
fertility and increase its carbon content.11 
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Figure 1 shows global warming as a function of human-caused carbon dioxide 
emissions for a range of different emission scenarios going to the year 2100. The 2015 
Paris Agreement seeks to keep CO2 levels to within the first circle range of 430 to 480 
ppm, with corresponding temperatures of 1.5 to 2.0o C above pre-industrial levels. 
Figure 2 shows the discrepancy between the pledged reductions committed to in Paris 
and those deemed necessary to meet the goal of 2o C warming by 2100. The gap 
corresponds to approximately 12 gigatons (billion tons) of CO2 or 3.3 gigatons of 
carbon (GtC) per year by 2030 in the best-case scenarios, where conditional Nationally 
Determined Commitments (NDCs) are included.12 The goal of the “4 per 1000” 
proposal discussed in this paper is to remove and store 3.4 GtC per year in world soils, 
just enough to close this emissions gap. 
 

Soils in the Carbon Cycle 

Carbon circulates among terrestrial plants, soils, the oceans, and the atmosphere, as 
shown in Figure 3. (This figure dates from 2004, when atmospheric carbon levels 
were approximately 800 GtC, as indicated in the graph. As of April 2017, they are 
approximately 870 GtC.)  
 
Terrestrial and ocean emissions and absorption of CO2 have been in balance for eons, 
but human activities have altered the balance, with 9 Gt extra emissions. Some, but 
not all, of these extra emissions have been absorbed through photosynthesis and by 
the oceans (numbers in red in Figure 3). The role of oceans as a carbon sink has 
buffered climate change, but has also has caused an acidification of the oceans, which 
poses threats to marine ecosystems. 

Figure 1: Warming Versus Cumulative CO2 Emissions, 
Scenarios to 2100 
Source: IPCC (2014) Climate Change 2015: Synthesis Report 
Summary for Policymakers, Page 9. 

             
 Figure 2: Emissions Gap to 2030 = 3.4 Gt/y 

Source: UNEP (2015) Emission Gap Report, p.19. 

 


