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Beef (beef herd)
| amb & Mutton
Cheese

Beef (dairy herd)
Chocolate
Coffee

Prawns (farmed)
Palm Oil

Pig Meat
Poultry Meat
Olive Oil

Fish (farmed)
Eggs

Rice

Fish (wild catch)
Milk

Cane Sugar
Groundnuls
Wheat & Rye
[omatoes

Maize (Corn)
Cassava
Soymilk

Peas

Bananas

Root Vegetables
Apples

Citrus Fruit

Note: Green

Data source: Poore :
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Global Greenhouse Gas Emissions in 2017
(Total Emissions were 49 Gt of CO2 Equivalents)

11%

0.5%

/

~ 0.6%

m US Fossil Fuel Combustion Emissions ® US Animal Ag Emissions
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Source: US EPA Greenhouse Gas Emissions Inventory



Global
Greenhouse Gas
Emissions by
Sector

Emissions from 2016, when global
greenhouse gas emissions totaled
49.4 GT (billion tons) CO,eq.
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OurWorldinData.org - Research and data to make progress against the world'’s largest problems.
Source: Climate Watch, the World Resources Institute (2020). Licensed under CC-BY by the author Hannah Ritchie (2020).



GHG emissions from
global livestock
supply chains, by
production activities
and products

Source: UN FAO - Tackling climate change
through livestock — A global assessment of
emissions and mitigation opportunities; page 18.
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PRODUCTION ACTIVITIES

PRODUCTS

POSTFARM TRANSPORT AND

FEED PRODUCTION LIVESTOCK PRODUCTION PROCESSING
3.3 Gigatonnes 3.5 Gigatonnes 0.2 Gigatonnes
f 1T 1 M
NON-FEED ‘
PRODUCTS
MONOGASTRIC RUMINANTS
1.3 Gigatonnes 5.7 Gigatonnes SLAUGHTER BY-PRODUCTS
MANURE AVAILABLE
FOR APPLICATION ON
NON-FEED CROPS
1.4 Million tonnes N
DRAFT, FIBER AND
MANURE USED AS FUEL
0.4 Gigatonnes
CHICKEN EGGS
0.2 Gigatonnes
CHICKEN MEAT
0.4 Gigatonnes
BEEF
2.9 Gigatonnes
PIG MEAT
0.7 Gigatonnes

CATTLE MILK
1.4 Gigatonnes

SMALL RUMINANTS (MILK AND MEAT)
0.4 Gigatonnes

" BUFFALO (MILK AND MEAT)
0.6 Gigatonnes



Agriculture 10% United States

Residential/Commercial___— Transportation 28%
~ Greenhouse Gas
Emissions by Sector

Total U,S, Emissions in 2018 =

6,677 Million Metric Tons of

CO, equivalent. Source: https://www.
epa.gov/ghgemissions/sources-
greenhouse-gas-emissions

V" MElectricity 27% e~ 1K
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Industry 22%


https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions
https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions

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

Carbon Dioxide (CO,) 1
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¢
oot y Methane (CH,) 28
Nitrous Oxide (N,O) 265
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Half-Life of Main
Greenhouse Gases in Years

Carbon Dioxide (CO-) 1,000
Methane (CH,) 12
Nitrous Oxide (N-5O) 110
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The ocean captures some CO,, but not '\ /I
enough to offset emissions from fossil fuels.

Due to its long lifespan, CO2 accumulates in the
atmosphere — meaning emissions today will be
added to emissions yesterday and so on.

\ Fossil Fuels /

Ancient forests and animals, fossilized T
over 100 - 200 million years CLEAR Center



GWP* - A new way to
characterize short-lived
greenhouse gases

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

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

« GWP* not only accounts for methane’s short
lifespan, but also its atmospheric removal.
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Stock gases will accumulate
over time, because they stay
in the environment.

Flow gases will stay stagnant,
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 1tCH,/y
v

987 tCO,-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:

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

Rising emissions

Constant emissions

Falling emissions

Emissions
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Oxford Martin, Climate Metrics for Ruminant Livestock, July 2018,
https://www.oxfordmartin.ox.ac.uk/downloads/reports/Climate-metrics-for-ruminant-
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https://www.oxfordmartin.ox.ac.uk/downloads/reports/Climate-metrics-for-ruminant-livestock.pdf%C2%A0

California GHG trends

Since 2015 California
dairies has reduced
methane by

2.2 million metric tons
CO2e annually.
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Dairy Manure
Digester
Development
in California

Upciated Myy 2017

That's a 25 percent
R i - ©) reduction in the dairy
i ° e industry’s methane

Castelanels Brothers Dairy ' - .
Cottonwood Dairy/loseph Gallo Farems ‘o . 2 ‘ ! \ [ )

o i emiISsSSIoNsS
Fiscabind Farms : - ; [ ]
Giacomini Dairy - ‘

Hilarides Dairy

New Hope Dairy . /J : s i
Open Sky Ranch v

Pacific Rim Dairy
Pixbey Beogas
Van Steyn Dairy

Van Warsseedam Dairy

Verwey Dairy- Hanford
Under Constrction
17. Verwey Davry- Madera
18. G) TeVelde Ranch
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19, Carlos Lcheverria & Sons Dalry
20. Lakeview Dairy

21, West Star Dairy



Greenhouse gas
emissions from
food, short vs.
long-lived gases
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Greenhouse gas emissions are measured in carbon dioxide-equivalents (CO_eq) based on their 100-year global warming
: & 2 ) i)
potential (GWP).

Global mean emissions for each food are shown with and without the inclusion of methane - a short-lived but potent greenhouse gas.

Greenhouse gas emissions, excluding methane Emissions from methane

Beef (beef herd)

51
36—>71

Beef (average)
Chocolate
Coffee

Prawns (farmed)
Beef (dairy herd)
Lamb & Goat 14—>40
Cheese

Pork

Chicken

Fish (farmed)
Eggs

Tofu

Avocado

Tomatoes |ll2
Rice 2>45
Beans
Maize

N NG

Peas

Bananas 1 Methane emissions from most plant-based crops are negligible.
Their carbon footprints are the same with and without methane.

Potatoes 0.5

Even if we discounted methane emissions, the footprint of many

Apples 04 plant-based foods can be more than 10 times lower than animal products.
Nuts]0.4
Root Vegetables|0.4 _
0 10 20 30 40 50 60 70 80 90

Greenhouse gas emissions per kilogram of food product
(kg CO,-equivalents per kg product)

Note: Greenhouse gas emissions are given as global average values based on data across 38,700 commercially viable farms in 119 countries.
Data source: Poore & Nemecek (2018). Reducing food’s environmental impacts through producers and consumers. Science.

OurWorldinData.org - Research and data to make progress against the world'’s largest problems. Licensed under CC-BY by the authors Joseph Poore & Hannah Ritchie.

> 100

The global average carbon footprint of beef from dedicated beef herds
is 100 kilograms of carbon dioxide equivalents per kilogram of beef.

If we removed the warming effects of methane, this footprint
would be 51 kilograms of carbon dioxide equivalents.

100
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PERCENT OF TOTAL
POPULATION GROWTH
BY REGION
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China
-3%

Bangladesch
+23%

Indien
+24%

Quelle: Uno; * mittlere Variante
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Distribution of cropland

Percentage of cropland
Jo-w0 B ;o
[ 1w0-25 /\/ National boundaries
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Output per cow, kg FPCM per year
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and milk
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Improved
Fertility

Decreased
methane
emissions per
animal

Improved
Health

Decreased
MNo. 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:
interventions
to iImprove
oroductivity
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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.
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For over 50 years, cattle weights have propelled beef production as cattle slaughter decreased
Index 1970=100
140
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--------- Linear (Production) «++-«-««« Linear (Slaughter) ~+++oo+ Linear (Weights)

Source: Calculations by USDA, Economic Research Service based on data from USDA, National Agricultural Statistics Service. @ g&?\g‘g:nter



US Dairy Trends

* In 1950, there were 25 million
dairy cows in the U.S. Today
there are 9 million.

e With 16 million fewer cows
(1950 vs 2018), milk production
nationally has increased 60
percent .

* The carbon footprint of a glass
of milk is 2/3 smaller today
than it was 70 years ago.

2=y UCDAVIS
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U.S. PORK PRODUCTION PER BREEDING

Lbs. carc. wt. ANIMAL US POrk

500 Trends

4000 -
3500 -
3000 -
2500 -
2000 -
1500 -
1000 -
500 -

q/Q q/Q q’Q @ UCDAVIS
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Pigs

10.5

10.0

9.5

9.0

8.5

8.0

7.5

7.0

PIGS SAVED PER LITTER,
U.S.. QUARTERLY

Average Growth Rate,
@3-'07 thru @3-'11 = 2%

Average Growth Rate,
1994thru 1997 =1.7%

Average Growth R ate,
19983 thrnu @2-07 = 0.5%

19671

™ T T

969.:1991 1995

T T T ™ T T T T T T T
1995 1997 19399 2001

T T T T
2003 2005 2007 2008

L

T
2011

U.S. Pork
Trends
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Index, 1948=1

3.0 1

B

2.0

1.5

1.0+

0.5

Total agricultural
output

\ Total factor
productivity

Total farm
inputs

0.0

1048 1954 1960 1966 1972 1978 1984 1990 1996 2002 2008 2014

Source: USDA, Economic Research Service, Agricultural Productivity in the U.S. series;
data as of October 2017.

U.S. Agricultural
output, inputs,
and total factor
productivity,
1984-2015




China Swine Example

* China’s five year plan focuses on making farms larger and more
efficient

* Half of the world’s pigs live in China
* 50 million sows w/ 20 piglets born alive
* Equals annual production of 1 billion pigs

* Pre-weaning mortality causes 400 million pigs to never make it
to the market

* One more pig per sow would mean 1 million tons of feed saved

CLEAR Center
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Americans eat the same amount of beef as 1909,
but 500% more chicken

1909
1912

N 0 & <t I~ O M W OO NW W J < ™~O0O MmO OO N LW 0 d < N O on © O N W
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M Total veal availability, Ibs./person/yr
m Total pork availability, Ibs./person/yr
W Total boneless turkey availability, Ibs./person/yr

M Total boneless beef availability, Ibs./person/yr
Total lamb availability, Ibs./person/yr

m Total boneless chicken availability, Ibs./person/yr

m Total fish and shellfish availability, Ibs./person/yr

Source: USDA-ERS Food Availability Data System

2008

2011
2014
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Publicly available data does not suggest we are overconsuming protein in the U.S.

¢ 2016:

« USDA-ERS data
estimate is we eat
5.8 ounces of
meat & poultry
per day

1.8 ounces of beef

« DG 2015-2020:

* 5.5 0unce
equivalents of
“protein
foods”/day on
2000 calorie diet

* 4 ounces from
meat, poultry, eggs

Source: What We Eat in America, NHANES 2007-2010 for average intakes by age-sex group. Healthy U.S.-Style Food Patterns, which vary based on

age, sex, and activity level, for recommended intake ranges

Ounce-Equivalents

10

Protein Foods

Bl Recommended Intake Ranges Average Intake

o
1T 4 9 14 19 31 51 71+ 1T 4 9 14 19 31 51 71+
to to to to to to to to to to to to to to
3 8 13 18 30 50 70 3 8 13 18 30 50 70

Males (years) Females (years)

7
(/ CLEAR Center



Can we eat our way out
of climate change?

 Omnivore to vegan (per yr) = 0.8
tons CO2e

* One trans-Atlantic flight (per
passenger) =1.6 tons CO2e

* Meatless Monday (US) = 0.3% GHG
reduction

* Vegan US =2.6%

()
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STAYING VEG

lessons from former vegetarians/vegans

U.S. POPULATION

P
7 AND OVER

10% former vegetarians/vegans

2% current
vegetarians/vegans

88% never
vegetarian/vegan

There are more than 24 million former vegetarians/vegans
and fewer than 5 million current vegetarians/vegans.

peereeeeeRetIILY
847 OF VEGETARIANS/VEGANS ABANDON THEIR DIET.

[these figures are devised by extrapolating survey findings to the U.S. population as a whole |

For every person
who eats a vegan
diet, there are five

who have given

that diet up.
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Global

Waste:
1 out of 3
calories

40% of food
in the U.S. is
wasted

7
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Read my blog

clear.ucdavis.edu/blog
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Thank you
clear.ucdavis.edu
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