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Enteric methane

What is enteric T t
L] n s ” )
methane emissions? , ; 57
Microbes in the
cow’s stomachs
break down cattle
. ey feed into useable
v Definition sources of energy
) i d
Methane produced durin g Manure collection ponds p‘:gglfc?tt:gt,::ne.
microbial fermentation of feed in generate about a tenth of

. all U.S. methane emissions.
the rumen of livestock.

v" Release pathway

Most methane is released by
belching, with a small amount
from manure. SOURCES: EPA; FAO




Importance

(o2

Major source of agricultural greenhouse gases

Significant contributor to global warming

Represents an energy loss from livestock production

Key target for climate mitigation in the livestock sector

METHANE == - TRAPSHEAT IN THE ATMOSPHERE,

CAUSING CLIMATE CHANGE

The methane eventually
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Carbon can be stored in the soil, but it is unclear whether
New Zealand’s pastures are gaining or losing soil carbon overall.
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Calculation method

IPCC equation

N X GE X (1};}0) x 365

EF-CH, =
* 55.65 X Area

where EF-CH, represents tot™' “ber of animals (head); GE is the

gross energy intake per anlrrAn I m a I pa ra m ete rS| the fraction of gross energy

converted to CH4 (%) 55.65 \IVIU RNY ~ Ul i) 1D UIT TIITIYY LUIISTIL UT Ul Iy, allu A7 eu ucnules uleé adrea of the grld cell (ha)

Can plants influence
methane emissions from animals?



Antimethanogenic forages

v Contain bioactive compounds that inhibit methanogenic archaea in the rumen

Regular Grass Antimethanogenic forages |
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Difficulties

Farm-scale National-scale Global-scale

v Limited spatial resolution of livestock emission data
Livestock emissions are primarily based on annual national statistics, lacking
large-scale high-resolution spatial datasets.

v Lack of high-resolution maps of antimethanogenic forages
The spatial distribution of antimethanogenic pasture species remains poorly
quantified at high resolution.



Livestock headcounts

Annual livestock statistics

2001 to 2022
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Livestock emissions

Headcount maps IPCC equation
90
160
130
S| T R IO % AR s S W 1o
g') .
3 2 f e, 1-30
L ——— - Mean emissions from 2001 to 2022 .
e 180° 120° W 60° W . 0° 60° E 120° E 180° O 50 10-060
Conventional IPCC enteric CH,4 emissions (kg CH4 ha™ yr™) Mean + SD
L . —

3 9 15 21 27 (kg CH, ha™yr™)

Latitude



Validation with official statistics

Conventional IPCC estimate (Mt yr'1)
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Livestock emissions

= FE5... ) Maps2: Methane mitigation by
antimethanogenic forages
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Field observation sites

v’ Location records of 40 antimethanogenic forage species

/ SPECIES | ACCEPTED \

Lotus pedunculatus Cav.

d in: lcon.2: 52 (1793) source: Catalogue of Life

Big trefoil, Marsh bird's foot trefoil In English

29,950 OCCURRENCES WITH IMAGES

2001-2022 /

Rrecords of antimethanogenic pasture species
. (2,697,511 points) -

0° 60° E 120° E

Training samples in our study
Sources: GBIF

(https://www.gbif.org/) 2.7 million



Theoretical mitigation

Lotus pedunculatus Cav. Hedysarum coronarium L.

v' Mapping the probability distribution of
antimethanogenic forages using a Random
Forest model with climate factors, satellite
metrics, and soil properties.
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v' Calculated a theoretical methane mitigation
map using mitigation rates of 40
antimethanogenic forages collected from
previous studies.

Typical antimethanogenic forages



Theoretical mitigation

a. Antimethanogenic forages are widespread and offer strong methane mitigation potential

b. Low-baseline regions increased slightly, while high mitigation potential regions declined
over time
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Actual mitigation

Situation 1

Situation 2

Higher forage availability
iIncreases the probability
of intake

Higher livestock density
increases the intake of
antimethanogenic
forages within a region



Actual mitigation

a. Incorporating livestock intake reduced the mitigation potential slightly, yielding an
average of 19%

b. This potential increased during 2001-2022, with 75% of grazing lands showing positive
trends
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Q

Enteric CH, emissions (Mt yr™")

After accounting for the antlmethanogenlc forage effect, enteric methane estimates

were reduced by 24%

The strongest effects were concentrated in India, Brazil, Central Africa, and Western

Europe
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