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Global Warming Potential (GWP,,,) of
Main Greenhouse Gases

Carbon Dioxide (CO-) [
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;‘«""CH Methane (CH,) 23
Nitrous Oxide (N,O) 265
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Half-Life of Main
Greenhouse Gases in Years

Carbon Dioxide (CO,) 1,000

Methane (CH,) 10-12
Nitrous Oxide (N,O) 110
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Biogenic Carbon Cycle
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@ CARBON @ METHANE  HiO WATER

FOSSIL FUELS - S
CARBON IN ATMOSPHERE

Ancient carbon is e D22y ' O 4 =R T THE GOW’S
directly added to the s
atmosphere as CO: :
‘e METHANE s CARBON CYCLE
- COZ CONVERTED
All the carbon in the cow,

breathed and belched, came
from the air & cycled through
the grass that the cow ate.
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to build humus & store carbon.
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CO: storage: Flora overvalued,
soils undervalued

200 Tropical
forest

Temperate
savannah

Arable land
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Wetlands
Average stored carbon in tons per hectare
at a ground depth of one meter
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GWP* - A new way to
characterize short-lived
greenhouse gases

* GWP100 overestimates methane’s warming
impact of constant herds by a factor of 4, and
overlooks it’s ability to induce cooling when
CH, emissions are reduced.

=

« GWP*is a new metric out of the University of
Oxford that assesses how an emission of a
short-lived greenhouse gas affects temperature.

« GWP* accounts for methane’s short lifespan,
including its atmospheric removal.
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calculated for any Species, but it is least dependent on the chosen time honzon for species with lifetimes less
than half the tinc otizon of the metric (Collins al.. 2020). Pulsc-sicp mctiics can thercfore be uscful
where ume dependence of pulse metncs, fike GWP or GTP, complicates their use (see Box 7.3).

For a stablk global warming from pon-CO; climate agents (gas or acrosol) thewr cffective radiative forcing

needs to gradually decrease (Tunaka and O'Neill, 3018}, Cain et al (2019) find this decrease 1o be around H
© 3% yr" for the climate response function o ARS (Myhre et al., 2013b) To accourt for this, a quantity I D C c
nfmaﬂwuﬁ\\'l"hubecndtﬁmdllmmmbmmss:an(w\sn.ndclungo in cmission levels (s1ep) INTERGOYERNMENTAL PANEL ON )
approaches (Cam ¢t al. 2019; Smith et al., 2021) The cmission componcnl ACCOURES for the need for ok Glimare chanee
emissions 1o decrease 10 deliver a stable warmung. The step (somehimes referred to as flow of i) term in .
GWP* accounts for the change global suriace jemperature that anscs in from 3 change 1t shoct-lived Cl ' mate Cha
greenhoatse £35 cmission rate, asm CGTP, but here apptmumted by the change in cmissions over e n ge 2 0 2 1
previous 20 years SR -
) The Physical Science Basi
¢ unwilative CO: cmissions and GWP*-bascd cumulauive CO; cquivalent gccnboqtms(ill(h cmussns asis
multiplicd by TCRE closcly approximate the global warming associated with cmass s lmach'@ﬂi
nd GHG, respectively) from the stast of the time-scrics (Lynch et al. 2020 Both the CGTP andGWE*
convert short-lived greenhouse gas emission rate changes ioto umulw\c(;o.vw;ﬁalcm CHminsI0NS.:
by TCRE gi n from od Y ssi

Summary for Policymakers

5 pal Surtacs
temperature change By comparnson cxpressing methane cIssIOns 3s GO cguivaleny crmiss faps using GWP-
100 overstates the effect of constant methane cmissions of global sutface pemperanre by a factor of 3-4 over
a 20-year time honzon (Lynch ctal., 2020, their Figure 5). whilcundersatng hé cffechof any Dew methane

the 20 years followng the Tngroduction afhe pew source (Lynch et

CImisSIon source by a factor of 4-5 over
al. 2020, their Figure 4)

Figure 721: Emission metrics for cwo short-livid grecihouse SAMEE HECH2 -ncw.ouuhuds.‘ and 118
years). The teimparatiss respeas mpcﬁ-)mcs froem Supplementary Material 7.5M.52 Values for
non-CO; specics inclade the o cyghe respOnse (Sestity 7.6.1.3) Results for HFC-32 have been
divided by 100 1o show oathe sarmig sCale. () Wemperatufe response 10 a step change 0 shont-lived

grecnhouse £35 cmmg._tm Yemperature response 10 3 pulse CO; emission (¢} comventional GTP
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Figure 722 explores ipw cumulative C O cquivalent emissions estimated for methane vary under different
cmission mMeinc Shoigts and how estithates of the global surface aw temperature (GSAT) change deduced
from these cymiflative cmigfiogs copparc 10 the actual temperature response computed with the two-layer
cmulator. Nolk that GWPand GTP metrics were 000 designed for use under & cumulative carbon dioxide
equivalcnt cission framiew oek (Shine ¢t al., 1990, 2005), cven if they sometimes arc (€-£ Cuictal, 201T;
Howard et al., 201 5yand asalysing them in this way can give uscful insights into thei physical propertics
Using these sl;nhnl’n'ﬁcs under such frameworks, the cumulative CO: cquivalent cmssion associated
with methanc cssiges would continue to rise if mxcthanc emissions Were substantially reduced bul
remained abgye 2850, In realdty. 3 decline in methane cmissions 10 3 smaller but still positive value could
cause aﬁu@hﬂ\mﬂn; GSAT changes estimated with cumulative CO: cquivalent CIMSSIONS computed
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Read the page here: bit.ly/ipcc_ch/
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Stock gases will accumulate
over time, because they stay
in the environment.

Flow gases will stay stagnent,
as they are destroyed at the
same rate of emission.

Based on research by Myles R. Allen, Keith P. Shine, Jan S. Fuglestvedt,
Richard J. Millar, Michelle Cain, David J. Frame & Adrian H. Macey.
Read more here: https://rdcu.be/b1t7S



CO, equivalent emissions  CO, equivalent emissions
Annual Methane Emissions

Using GWP, Using GWP*

WARMING 1tcHy
Y

987 1CO,-e 982 tCO,-we
Rise by 35% =33 tCO,/y for 30y =33 tCO,/y for 30y

30 years

STABLE

Fall by 10% 798 1CO,-e -10 tCO,-we

COOLING

Fall by 35% 693 tCO,-e
-562 tCO,-we
Cain, M., Allen, M. & Lynch, J. Oxford Martin Programme on
Climate Pollutants (2019). Read more at: ) UCDAVIS
https://www.oxfordmartin.ox.ac.uk/downloads/academic/201908 - CLEAR Center

ClimatePollutants.pdf.



https://www.oxfordmartin.ox.ac.uk/downloads/academic/201908_ClimatePollutants.pdf

Kilotonnes of methane emissions

Annual methane emissions (kt; Tier 1 estimates) from global non-
dairy cattle & buffaloes, 1961 - 2019

80  Percent change 1961 — 2019:
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Source: UN FAOSTAT
m Manure management methane buffaloes, kilotonnes u Enteric methane buffaloes, kilotonnes

# Manure management methane non-dairy cattle, kilotonnes m Enteric methane non-dairy cattle, kilotonnes

From 1961 to 2017, global cattle and buffalo meat production grew by 144% (UN
FAOSTAT, 2022), and methane emissions from both manure and enteric sources grew
71% from 1961 to 2019. 7y UCDAVIS

- CLEAR Center



US Beef Trends

* |INn19/0, the U.S. had 140
million head of beef.

* By comparison, today
there are 90 million head.

* In both 1970 and 2010,
24 million tons of beef
were produced.

=y UCDAVIS
CLEAR Center




Index 1970=100
140

130

120

110

100
90
80
70
Q AV A»* A© 4D O O o N gV © N O & O XX OV > o DO
SO SO0 P @%"‘ RS '9@"' S r&o"‘ S S S S S S
Production Slaughter Weights
--------- Linear (Production) «+++««+«- Linear (Slaughter) Linear (Weights)

Source: Calculations by USDA, Economic Research Service based on data from USDA, National Agricultural Statistics Service.

For over 50
years, US cattle
weights have
propelled beef
production as
cattle slaughter
decreased

UCDAVIS
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U.S. cattle sectors can
be climate neutral by
2044 with 18% to 32% in

methane reductions

e Business-as-usual won'’t cut it and
will require development and
adoption of new innovations.

* Reducing enteric emissions is
critical. Innovations such as feed
additives and developing low-
methane emitting breeding

W

-150

US beef and dairy cattle produciton CO2we
emissions, MMT

2010 2015 2020 2025 2030 2035 2040 2045 2050
strategies are being researched. Year

« Dairy digesters have reduced = Total dairy cattle production CO2we emissions, MMT
30% of California’s methane » Total beef cattle production CO2we emissions, MMT

reduction goals.

Read the white paper at: bit.ly/clearpaper (0 Vgt



https://clear.ucdavis.edu/news/climate-neutrality

Since 2015
California dairies
have reduced
greennhouse gases
by 2 million metric
tons —a 30%
reduction.

@ UCDAVIS
CLEAR Center




@ UCDAVIS
CLEAR Center



Methane Reductions from Feed Additives

Additives e oerence
Seaweed -103.6

Fatty acids -84.5

3NOP -66.4

Oregano -48.0

Tannins -46.1

Nitrate -32.8

Agolin -277

Monensin -15.6

Biochar -10.0

Cinnamon -10.0

Garlic B 36

Saponins 33

-120.0 -100.0 -80.0 -60.0 -40.0 -20.0 00)
xdmbff;ﬁﬁ;im&mmbmm.MFm& Mean difference of methane production (g/d) UC D Av's

https://ww2.arb.ca.gov)sites/defaunlt/files/2020-12/17RD01 8.pdf UNIVERSITY OF CALIFORNIA



Improved
Fertility

Decreased
methane
emissions per
animal

Improved
Health

Decreased
No. of animals
required per kg

product

Improved
genetics

Gill et al. (2010)

Nitrous oxide
emissions depend
on nos. of
animals, feed,
manure
management,
soil & weather

Increased carbon
dioxide emissions
per kg feed

Carbon dioxide

emissions from land use
change associated with
livestock depend on
energy density of feed,
carbon content of soil,
management practices,

weather

Mitigation:
nterventions
to iImprove
oroductivity
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(. There are more people living inside
ké"this circle than outside of it.
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BILLIONS
O=NWasNANDO

6+ billion

PERCENT OF TOTAL
POPULATION GROWTH
BY REGION

9+ billion

@

UCDAVIS
CLEAR Center



Distribution of cropland

@ UCDAVIS
Source: FAQ, 20081 CLEAR Center

FAO
(2006)



B L Relationship

1000 —}“ between total
s ’ greenhouse
Lo ? gas emissions
g_ 6.00 " R and milk
¢ A output per cow
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Output per cow, kg FPCM per year



Pathway to

Climate Neutrality for
U.S. Beef and Dairy
Cattle Production

E. Place, Elanco Animal Heaith

By Dr.SaraE
and Dr. Frank M. Miticehnes, University of Calfornia; Davis

CLEAR VCente:

REINEINIE
METHANE

DAVIS
CLEAR Center

White Paper with the Chief Sustainability Officer
of Elanco Animal Health - bit.ly/clearpaper

Rethinking Methane video - bit.ly/RethinkingMethaneVideo

f,) UCDAVIS
CLEAR Center



https://bit.ly/clearpaper
https://bit.ly/RethinkingMethaneVideo

Read my blog

clear.ucdavis.edu/blog

@ UCDAVIS
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Follow us on
Twitter

@GHGGuru
@UCDavisCLEAR
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Thank you
clear.ucdavis.edu
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