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Abstract

In the era of worsening climate change, reduction of carbon dioxide emissions produces a social good that provides univer-

sal benefits. In agriculture, switching from traditional tilling methods to no-till or planting a cover crop are both generally

known to decrease carbon emissions,  but the scientific literature on the amount of that reduction is  varied and scattered.

This information is vital for emissions reduction schemes in which agricultural producers are paid to employ one of these

agronomic practices. We perform an extended literature review of field experiments that quantify the reduction in carbon

emissions over a period of years, either by planting cover crops or by switching from standard tillage to no-till. This change

in carbon emissions could be due to either increased carbon sequestration in the soil or to explicit reduction in carbon emis-

sions. We report the findings as both average emission results and as inverse cumulative distribution functions of those out-

comes. We also use the social cost of carbon, as determined by the United States Environmental Protection Agency, to evalu-

ate the expected social benefits of these reductions in carbon emissions. Of the 77 experiments examining no-till we found

that 90% reported reductions in emissions, and 86% produced sufficient social benefits to outweigh the entire average pri-

vate cost of implementing the change. For the 189 experiments examining cover crops, 90% reported reductions in emis-

sions, and 64.0% reported reductions sufficient to outweigh the average private cost of implementation.
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Introduction

A  number  of  voluntary  carbon  market  platforms

(VCMPs)  currently  offer  contracts  to  farmers  to  change

their  agronomic  practices  in  exchange  for  payments  war-

ranted by reductions in greenhouse gases (GHG), measured

by carbon dioxide equivalents. But the net reductions in car-

bon  emissions  due  to  a  change  in  farming  practice  varies

across  fields  and years,  and that  change  cannot  be  directly

measured  in  the  field  of  a  farmer-contractor.  Therefore,

VCMPs  use  proprietary  models  to  estimate  the  change  in

carbon emissions due to a particular change in practice on a

particular field of a prospective farmer contractor.

Actual changes in carbon emissions can be estimat-

ed, however, under experimental settings where net carbon

emissions  can  be  closely  measured  and  compared  under

controlled  conditions.  The  present  paper  examines  the  re-

sults from 266 published long-term experiments to identify

the  distribution  of  changes  in  carbon  emission  outcomes

from  adding  cover  crops  and  from  making  a  change  from

conventional to reduced tillage.

It  is  important  to  note  that  for  these  experiments

we  report  the  average  annual  net  change  in  carbon  emis-

sions  rather  than  the  change  in  the  amount  of  carbon  se-

questered in  the  soil  (soil  organic  carbon).  The reports  for

each experiment do generally include the initial and subse-

quent levels of soil carbon for both the current practice and

the  improved  practice.  However,  the  numbers  reported  in

this  study  reflect  the  reduction  in  carbon  emissions  under

the  improved  practice  compared  to  the  current  practice

rather  than  the  change  in  soil  carbon  sequestration  which

plays a role in emissions reductions.

The aim of this work is to synthesize and quantify

the  existing  body  of  academic  work  measuring  changes  in

soil carbon emissions from a change in agricultural practice.

The results of the study were then used to illustrate how the

social cost of carbon can be used to estimate social benefits

from the change in practice, apart from any private benefits

realized by the farmer.

Methods

In this study we searched for reports of field experi-

ments of at least 6 years’ duration that estimated the change

in carbon emissions  by (1)  switching from standard tillage

to no-till, or by (2) adding cover crops between harvest and

the next planting. The search for articles followed the meta--

analysis guidelines established by Hansen, et al, 2021 [1].

We found reports for 77 long-term no-till  experi-

ments and 189 long-term cover crop experiments [2,3]. We

recorded  the  cumulative  change  in  carbon  emissions  for

each treatment,  divided that by the number of  years of  the

experiment,  and  subtracted  the  result  of  the  conventional

practice from that of the improved practice to obtain the an-

nual emissions change due to the improved practice, which

we call “emissions reduction”.

To  provide  a  rough  estimate  of  the  social  benefit

of the reduction in carbon emissions, we used the most re-

cent government estimates of the social cost of carbon. We

then compared these estimates of social benefit with approx-

imate  costs  of  implementing  the  new  management  prac-

tices.

Results

Figure  1  displays  the  frequency  distribution  of

emissions reductions due to switching from standard tillage

to no-till  [4].  As noted in the figure,  the average emissions

reduction was 0.77 metric tons of CO2 equivalents per acre

per year, with 37.7% recording higher amounts than this av-

erage and 62.3% recording less. Some 10.4 % (100-89.6) of

the trials reported a negative  emissions reduction. At the

higher end of outcomes, 28% reported emissions reductions

of more than 1.0 mt/acre/year, and 6.5% reported increases

of more than 2.0 mt/ac/yr.

Figure 2 presents the similarly-plotted distribution

of  results  from  adding  cover  crops.  The  average  reduction

in emissions was 0.76 mt/acre/yr.,  with 10.1% reporting an

increase in carbon emissions, 28% reporting emissions re-

ductions of more than 1.0 mt/acre/year and 8% reporting re-

ductions of more than 2.0 mt/acre/year. The distribution of

experimental outcomes from adding cover crops is remark-

ably similar to that from reduced tillage, as can be seen by
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comparing Figures 1 and 2.

Figure 1: Frequency distribution of annual emissions reductions due to switching from standard tillage to no-till

Figure 2: Frequency distribution of annual emissions reductions due to adding cover crops

Clearly these changes in farm practices have merit

for reductions in agricultural  carbon emissions.  Given that

decreased carbon emissions are a public good to the extent

that  they  reduce  the  effects  of  climate  change,  and  given

that  all  persons  in  the  world  benefit  from  reduced  climate

change,  it  is  of  interest  to  calculate  the  net  social  benefits

due to these changes in agronomic practices.

The social benefits of reducing carbon by one ton

of CO2e we can define as being equal to the social cost of car-

bon  (SCC),  given  that  reducing  emissions  by  one  ton

should result in a reduction of social cost by that amount.

The SCC is the monetary value of the net harm to society

from emitting a metric ton of that GHG into the atmo-

sphere in a given year [4]. The SCC is a topic that has been

widely researched, although certainly not widely agreed up-

on. In December 2023 the U.S. Environmental Protection

Agency [5,6] released updated estimates of the social cost of

carbon emitted in 2020, at $190 per metric ton of CO2
1.

There  are  also,  no  doubt,  private  benefits  for  the

adopters  of  these  practices  that  decrease  carbon emissions,
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such as improved yields over time, but here we ignore those

benefits to focus on the social benefits as a lower bound on

the total benefits, which we then compare with costs of im-

plementing the improved practices.

The costs of adding cover crops or of implement-

ing a switch to reduced tillage will not be equal for all farm-

ers,  because  of  differences  in  equipment  owned  or

purchased, scale of operations, farm topography, etc., and al-

so  because  of  differences  in  the  exact  nature  of  the  change

in  practice,  such  as  the  species  of  cover  crop  selected  and

whether it has harvestable production, whether the conven-

tional  tillage  used  plows  or  field  cultivators,  whether  the

new tillage technique was actually light tillage versus no til-

lage,  etc.  To  obtain  approximate  annualized  costs  to  com-

pare with the benefits of emissions reductions, we examined

budget estimates of the cost of change from several universi-

ties  [7,8].  The averages  of  these  cost  estimates  were  $16.67

per acre for converting to no-till and $44.84 per acre for add-

ing cover crops.

Figure 3: Frequency distribution of average per-acre social benefit from carbon sequestration by reducing tillage or by adopt-

ing cover crops

We have noted above that the distribution of emis-

sions  reductions  for  the  two  practices  are  similar,  as  re-

vealed by Figures 1 and 2, so in Figure 3 we have construct-

ed  the  combined  average  distribution  to  represent  both.

Multiplying the emissions reductions on the horizontal axis

by the social cost of carbon ($190 per metric ton of CO2e)

gives a new axis in terms of the value of the external benefit,

while leaving the frequencies unchanged. Here we see that

net social benefits exceed the $16.67/acre approximate cost

of  no-till  on 85.7% of  experiments,  and they exceed the

$44.84/acre approximate cost of cover crops on 64.0% of ex-

periments.

Conclusions

We  find  that  the  results  of  266  reported  experi-

ments show that carbon emissions are decreased by an aver-

age of about 0.66 tons of CO2 per acre per year, both for the

adoption  of  cover  crops  and  for  reduced  tillage.  Given  the

social cost of carbon at $190 per metric ton of CO2 and our

crude  es t imates  o f  the  cos t  o f  cover  c rops  a t

$44.84/acre/year  and  the  cost  of  reduced  tillage  at

$16.67/acre/year, we estimate that the external benefits ex-

ceeded the private costs of reduced tillage on about 86% of

the experiments and exceed the private costs of cover crops

on about 64% of the experiments.

We  do  not  have  information  about  how  well  the

proprietary models of the various VCMPs are able to identi-

fy  at  which  point  along  the  distributions  of  experimental

outcomes  a  particular  farmer’s  field  may  lie.  We  do  have

some confidence that for adoption of reduced tillage, the av-

erage emissions reduction is about 0.77 mt/acre/year, with

climate benefits alone exceeding private costs on something
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like 80% of fields. For adoption of cover crops, the average

emissions  reduction  is  remarkably  similar,  at  0.76

mt/acre/year, with climate benefits exceeding private costs

on something like 60% of fields. It is important to note that

farmers are expected to obtain benefits that accrue to them-

selves, whereas here we report the net social returns because

they are what is important for public policies related to th-

ese agronomic practices.
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