
Regenerative Agriculture and 
Climate Change



Definitions and principles



Regenerative agriculture uses intentional management of 
natural systems to both produce food and to restore 

ecosystems/capture carbon
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Degrades



Assessment Criteria For Sustainability
A system is “sustainable” if it can continue indefinitely — dynamic 
equilibrium


Foundation for assessing sustainability based on understanding of 
ecology and evolution


Ecosystems are our model for sustainable systems — human 
systems to be sustainable should be modeled after natural 
ecosystems as much as possible.


Organisms are adapted within those ecosystems through 
evolution, and understanding adaptation and optimization can 
help understand natural systems.



Climate and Carbon Cycle
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Global figures are essentially 
the same.

Fossil fuels are by far the 
largest share of GHG 
emissions, and agriculture a 
much smaller share (only 
about 14% globally)



can be achieved through various food combinations,

which are associated with different environmental impacts

(e.g. GHGE). Current dietary guidelines are based on

nutrient recommendations for health and do not account

for the environmental aspects of the diet. The present

study highlights the importance of examining these two

aspects together when considering future dietary recom-

mendations for a sustainable diet. If the main focus is

solely on a reduction in diet-related GHGE, then reduc-

tions in animal-based food, which make the greatest

contribution to GHGE in our diet, may result in a lower

diet related GHGE (4, 6, 8). This is in agreement with new

research from the United States, where a study shows a

lower GHGE when comparing vegetarian and vegan diets

with animal-based diets (75). Not all of these diets meet

the dietary recommendations of a healthy population

(75). However, some studies have shown that it is possible

to decrease GHGE without health consequences (11, 12).

This study shows that reducing consumption of food

items with high or relative high GHGE is not necessarily

the best approach to decreasing diet-related GHGE.

Where substituting a product in an isocaloric approach,

the resulting variations in diet-related GHGE depend

both on the GHGE per kg of the substituted product and

also its energy density. If a product is replaced by food

with lower energy density, the quantity needed to com-

pensate for the caloric loss is greater than the quantity

removed. This may result in a higher diet-related GHGE

despite the lower GHGE per kg of the substituted

product. This is in agreement with a French study showing

that the isocaloric substitution of meat with fruit and

vegetables results in either no reduction or even an

increase in GHGE, because the required amounts of fruit

and vegetables to maintain the caloric content of the diet

were relatively high (6). However, the relatively high vari-

ability of diet-related GHGEs within the high-nutritional

quality class suggests that some individuals have diets

with both high energy density and low GHGEs (76). More

research is therefore needed to evaluate the feasibility of

adopting sustainable dietary patterns in everyday life.
On a per kg basis, dairy products have a relatively high

CF, but at the same time they have a high nutritional value.

This study confirms that it could be difficult to fulfill the

recommended daily intake of, in particular, calcium if

dairy products are excluded from our diet. For example,

according to own calculations, 1,300 g of the vegetable

food type or 700 g of broccoli should be included in the

non-dairy diet in order to reach the recommended intake

of calcium (data not shown). The created dietary scenar-

ios, that is, average-dairy, high-dairy, milk-products, and

vegetarian (including dairy products) diet were the ones

most compliant with NNR. A reduction in the intake of

dairy products may be considered in the context of the

whole diet to ensure that substitutions made in the diet are

appropriate with respect to health. The bioavailability of

some minerals (e.g. calcium) is an importance aspect to be

considered. Plant-based products containing compounds,

for example, phytates and oxalates, can inhibit the ab-

sorption of some minerals (e.g. calcium) (77), and there are

only a few green vegetables and dried fruits that are good

sources of calcium (78). Another aspect to take into

account when comparing protein with animal sources

and vegetable protein is the quality of the protein. All of

the dietary scenarios in this study have adequate protein

Table 7. Nutrient density in relation to climate impact for solid food items

Solid food items Number of nutrients ]15% NNR % of NNR in 100 g food Nutrient density GHGE NDCI Index

Beef 9 389 166.8 2799 0.06

Rice, polished 3 175 25.0 374 0.07

Bananas 2 115 10.9 122 0.09

Chicken 7 297 98.8 521 0.19

Potatoes 2 138 13.2 57 0.23

Pasta 5 187 44.5 193 0.23

Rice, brown 6 326 93.1 374 0.25

Cheese 11 545 285.5 923 0.31

Pork 10 387 184.4 557 0.33

Fish, Cod 7 465 155.0 447 0.35

Broccoli 4 351 66.8 167 0.40

Carrot 1 187 8.9 22 0.40

Eggs 11 440 230.2 210 1.10

Oatmeal 8 352 134.1 90 1.49

Beans, brown 12 471 269.4 124 2.17

NNR: Nordic Nutrition Recommendations; NDCI index: nutrient density to climate impact index (NDCI!nutrient density/ GHGE); nutrient

density!percentage of NNR in 100 g of product"number of nutrients ]15% NNR/ 21; GHGE: greenhouse gas emission (gram CO2e per 100 g food

items) excluded waste at consumer level.

Carbon footprint and nutritional value of dairy products

Citation: Food & Nutrition Research 2014, 58: 20687 - http://dx.doi.org/10.3402/fnr.v58.20687 11
(page number not for citation purpose)

More recent assessments look at nutrient density, not just 
calories or kg, for assessing agriculture and agricultural products 

for their impact on GHG emissions



IPCC Report emphasizes opportunities for mitigation





Ruminant and agricultural 
sources of methane are part of 
the natural carbon cycle.

The methane is short lived, 
from recent plant grown 
(sequestration), and can build 
soil carbon and organic matter.

Not a net increase in carbon.

Fossil fuels ARE a net increase 
because they are releasing 
carbon sequestered in the 
geological past



Carbon cycling





Focus on Soils



“Rebuilding soil fertility is the very 
basis of sustainable food production 
and food security. There is no 
alternative to fertile soil to sustain 
life, including human life, on Earth. It 
is our work with living soil that 
provides sustainable alternatives to 
the triple crisis of climate, energy, 
and food.” 

Dr. Vandana Shiva, in Soil Not Oil, 2015 
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Figure 1
Hypothetical North American net greenhouse gas (GHG) emission scenarios for: (1) current  
agriculture; (2) current agriculture with 50% current ruminants; (3) current cropping and 25% 
regenerative adaptive multipaddock (AMP) conservation grazing with current numbers of rumi-
nants; (4) current cropping and 50% AMP grazing with current numbers of ruminants; and (5) 
current cropping and 100% AMP grazing with current numbers of ruminants.
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Figure 2
Hypothetical North American net greenhouse gas (GHG) emission scenarios for: (1) current agri-
culture; (2) current agriculture with 50% current ruminants; (3) 25% conservation cropping and 
adaptive multipaddock (AMP) grazing with current numbers of ruminants; (4) 50% conservation 
cropping and AMP grazing with current numbers of ruminants; and (5) 100% conservation crop-
ping and AMP grazing with current numbers of ruminants.
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to greater C sequestration, including CH4 
oxidation (Bardgett and McAlister 1999; 
Teague et al. 2013; Jamali et al. 2014). With 
livestock management focused on building 
soil health, grazing animals can create C neg-
ative budgets, with more C entering the soil 
than is emitted indirectly or via ruminant 
emissions (Janzen 2010).

Combining crop rotation with live-
stock grazing can be particularly effective at 
enhancing soil function and health (Delgado 
et al. 2011). Crop production can be man-
aged to maintain permanent ground cover 
through the rotation of forage and row crop 
mixes, including cover crops, and legumes 
to increase soil fertility by fixing N. Grazing 
livestock can accelerate nutrient cycling 
through the consumption and decomposi-
tion of residual aboveground biomass. For 
example, sowing winter crops into perma-
nent summer growing pastures and using 
crop rotation systems with forage crops and 
grazing animals have been shown to signifi-
cantly reduce the damaging effects of many 
current arable land management practices, 
including soil erosion, loss of SOC, and 
elevated GHG emissions, especially where 
soil erosion potential is moderate to high 
(Delgado et al. 2011).

Achieving the same soil health benefits 
in pasture and rangeland-based livestock 
production systems as in mixed rotational 
cropping-livestock systems typically requires 
a change in land management practice. 
Ruminant production entirely from pastures 
has been achieved most effectively, effi-
ciently, and economically using appropriate 
regenerative grazing management (Delgado 
et al. 2011; Janzen 2010; Teague et al. 2011, 
2013; Gerrish 2004). Thus the most signif-
icant improvements can be achieved when 
erosion-prone cropping systems are replaced 
by permanent pastures maintained under 
improved grazing management.

On rangelands, use of regenerative AMP 
grazing management has been demonstrated 
globally to be capable of reversing degrada-
tion processes associated with the widespread 
practice of CG at high stocking rates (Teague 
et al. 2011, 2013; Gerrish 2004). Regenerative 
management uses a goal-oriented, proac-
tive, multipaddock grazing strategy focused 
on restoring the ecological function and 
productivity of degraded grasslands. The 
approach uses short periods of grazing in any 
given area and proactively adjusts postgrazing 
forage residuals, recovery periods, and other 
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Potential for GHG Sequestration



Soil carbon sequestion









“Increasing the amount of carbon stored in soil by 0.4% 
annually... can offset a third of the global emissions of fossil-
fuel-derived carbon into the atmosphere.” 

Dr.  Asmeret Asefaw Barhe
TED 2019 “A climate change solution that’s right under our feet”



High soil organic 
matter and 
carbon with 
regenerative 
agriculture

Low organic 
matter and low 
carbon with 
conventional 
monocropping 



Successful grassland / habitat restoration through increased ruminant impact



Principles of Regenerative 
Agriculture



Regenerative agriculture

Uses ecologically appropriate (biome specific) ways to restore 
ecosystems and produce food

Build on naturally evolved relationships to create productive food 
ecosystems, using both naturally occurring species or analogue 
species (e.g. cattle instead of bison)

A set of farming techniques that help regenerate the soil



Regenerative Organic farming practices support healthy soil, animals, and 
people to build resilient ecosystems and communities. By using RO 
practices like conservation tillage and cover cropping, RO farmers 
increase the organic matter in soils over time to replenish the land and 
sequester carbon from the atmosphere. On RO farms, animals are raised 
and slaughtered humanely, and workers are treated fairly and ethically.

Regenerative organic represents a set of holistic agricultural practices 
that support the health of soil, animals, and workers. Regenerative farming 
aims to not only sustain bu regenerate and rebuild soil health over time.

Source: Regenerative Organic Alliance, regenorganic.com





“Our philosophy in grazing is to 
manage the cattle herd to 
simulate the large herds of Elk 
and Antelope which once roamed 
California’s grasslands. We 
accomplish this by keeping the 
herd moving with Holistic planned 
grazing, so as never to overgraze 
an area, but to stimulate growth 
and grass-land health through 
properly timed grazing. Watershed 
Stewardship is at the forefront of 
our management practices.” 

– Doniga Markegard



Role of ruminants in food production
86 percent of what livestock eat globally is human-inedible plants and leftovers

More than 85 percent of the land where we graze cattle is not suitable for 
growing crops because it is too rocky, steep and/or arid to support cultivated 
agriculture

In “typical” cattle production, the green water (rainfall) number is about 92%. 
In grass-finished beef, the green water number is closer to 97-98%

In the US, only about 2% of GHG are from beef, but varies by production 
system

Cattle “up cycle” 0.6 kg of protein from edible feed to produce 1.0 kg of 
protein in milk and meat

Animal manure is a major source of fertilizer for organic vegetables, grains, and 
other plant foods



Ruminants 
critical in 
up cycling 
non-edible 
and farming 
by-products



Components 
of regenerative 
agriculture
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Source: Regenerative Organic Alliance, regenorganic.com



Structure of regenerative farms



Using biome appropriate trees, shrubs, plants, and animals

Mimic natural animal movement in turn
Large ruminants, small ruminants, fowl, rooters/soil turners



Some regenerative techniques



Case Studies



Case study: 
White Oak 

Pastures



Case study: White Oak Pastures



Case study: White Oak Pastures



Case studies:

What systems are being mimicked (ecology & evolution)?

How are the three criteria (environment, economic, social) reflected?

What are the parts of each system (plants, animals, nutrient cycles)?



Application to Tropical Smallholder 
Agriculture



What should this look like in the tropics/sub-tropics?



Conventional Agriculture



Sustainable Agriculture



Regenerative Agriculture



Regenerative organic agriculture is the 
number one thing humans can do to combat 
global warming.

Yvon Chouinard
Founder, Patagonia




