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Topics on mitigation

Mitigation actions in farming system on

e Climate Change and global warming (methane)
e Eutrophication
* Acidification
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Climate Change and Global

Warming
GHG




Agriculture and Climate Change

Agriculture is and will be:
e cause of climate change (?!)

* Butitis also among the sectors most affected by
global warming

 And it is creator of mitigation actions




Is it whose fault?

Global greenhouse gas emissions, per type of gas and source, including LULUCF
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World GHG Emissions Flow Chart

Sector End UsefActivity
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Agriculture and Climate Change

SHARES OF GREENHOUSE GAS EMISSIONS FROM ECONOMIC SECTORS IN 2010

B Energy
| " AFOLU |
ransport

M Residential, commercial and institutional

B Industrial processes and solvent use
W All other sources

Notes: Emissions from energy include industries, manufacturing and fugitive emissions. AFOLU means “Agriculture, forestry and other land
se”. “All other sources” includes international bunkers, waste and other sources.

SOURCE. FAQ, forthcoming.

FAO 2014

http://www.fao.org/3/i3671e/i367 1e.pdf
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Mt CO, eq

Agriculture is responsible for 50 % emission of AFOLU CO,
eq. = 10% of total CO, emission
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Agriculture and Climate Change

In Europe (UE-28), agriculture is responsible for 10%,

Half for Animal Production

Industrial
Processes
7.1%

= |f we remove ALL livestock
farms, we can save
5% of total emission

«Mitigation» means to
control the most
important sources!

\_WGStE
3.1%

Source: EEA (2015).
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Another way to mitigate: Global economy and
Climate Change - Chinese example
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Enteric Fermentation

Manure left on Pasture
Synthetic Fertilizers

Rice Cultivation

Manure Management
Burning - Savanna

Crop Residues
Manure applied to Soils
Cultivation of organic soils

Burning - crop residues

Agriculture emissions by sub-sector, 2001-2011
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GHG emissions from animal farms
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GHG total emissions from EU farms

J.P. Lesschen et al. / Animal Feed Science and Technology 166-167 (2011) 16-28
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Fiz. 7. Total greenhouse gas emissions from the various emission sources associated with livestock production in the EU-27.



kg CO,e / kg milk consumed

LCA
approach

GHG for milk production

0.6
M Refrigerants i Nitrous Oxide
B Methane H Carbon Dioxide
0.5
0.4 | -
0.3
0.2
01
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Feed Enteric Manure Farm Energy ] Transport,
Methane Management Processing,
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Retail
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Figure 1-3. Supply chain contribution to carbon footprint of ‘generic’ milk. Generic milk refers
to regional-production-weighted (raw milk input) and purchase-volume-weighted (milk fat
content) average milk consumed in the U.S. during 2007.
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Methane
GHG
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Why methane and ruminants?

Ruminal environment

* Feed (for bacterial fermentation)
 Ruminal bacteria (50%10°/mL)
* Complex and dinamic environment




Carbohydrate Metabolism in cow - 1
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Carbohydrate Metabolism in cow - 2
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Protein Metabolism in cow - 1
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Protein Metabolism in cow - 2
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Stechiometry of ruminal fermentation

Sugars (glucose) utilization

CeH1206 + 2H,0 — 2CH;COOH +2C0,|+ 4H, acetate
3CsH;206 — 2CH3COOH + 4CH;3CH,CQQOH + 2C0, +2H,0 propionate
CgH1206 — CH3CH,CH,COOH + 2C02|+ 2H, butyrate
SCﬁHmUﬁ + 6NH; — BCSH?OEN + 18H2

Amino acid utilization
CsHo027N15 — (1 —Yaa) - 0acaaCH3COOH +(1 — Y33) - 0pr.aaCH3CH2COOH + Yin 2aNH3 +
(1—Yaa)- 0buaaCH3CH2CH2COOH + (1 —Yaa) - 01c,2aCO2+ (1 — Yaa) - 01, .2aH2 + Yaa CGsH702N

ogen utilization: methanogenesis reaction
4H, |+ CO; — CH4 + 2H5,0
10H; + 5C0O3 + NH3; — C5H70,N + 8H,0

Acetic and butyric fermentation can produce H, and CH,
E=) MOST IMPORTANT MITIGATION STRATEGIES
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FIGURE 4. Global emissions from livestock
supply chains by category of emissions
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Bl LuC: soybean, CO, [ ] Direct energy, Co,
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Global emissions from
Livestock farming in the
world

* 45% from feed cultivation

* 39% enteric production of
methane (ruminants!)

* 3,2% from soybean
production and 6 % pasture
expansion (LUC)

¢ 2,9 % post-farm effect

FAO, 2013 Tackling climate
change through livestock
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Global emissions from Livestock farming in EU-27

I.P. Lesschen et al. / Animal Feed Science and Technology 166-167 (2011) 16-28

m Fuel and electricity use
@ Fertilizer production

m Organic soils and liming
@ Manure management

o N20 soil emission

m Enteric fermentation

GHG emission (Mton CO;-eq)

S

Dairy cows Beef cattle Pigs Poultry Laying hens

Fig. 7. Total greenhouse gas emissions from the various emission sources associated with livestock production in the EU-27.
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Variability in CO, eq. emission
Due to many factors = Mitigation strategies

Global emission intensities by commodity
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Variability in environmental impact
Due to many factors

GHG Emissions Land Use Acid. Eutroph. Scty. Water
(kg CO.eq) Joth (m2year) e (gS0eq) (gPO,*eq) (kLeq)

A 100g protein 1 ° 25 50 75PcMean0 100 200 300Pc Mean0 75 1500 75 1500 50 100
Beef (beef herd) 724 " S 20 50 o = 42 164 [ I e
Lamb & Mutton 757 = 12 20 ‘ . 30 185 [} [ [N
Beef (dairyherd) 490 = 91 17 & 7.3 22 = = e

0 \5\10 15 0\5 10 15 0 75 1500 75 1500 50 100
Cmstat:eans{famed]l.ﬂkl ' 1 B 54 i Bl | 04 20 - ' - | _
Cheess 1.9k —T 544 4 DEEE BN —
Pig Meat 116 . :l 46 76 | 48 1 S T e
Fish {farmed) 612 " _| 25 6.0 B 04 37 H [ S
Poultry Meat 326 = y 24 57 " 38 74 | [ | =
Eggs 100 = 26 4.2 " 40 57 W i [ ]
Tofu 354 & 10 20 [« 11 22 | | =l
Groundnuts 100 = 06 1.2 . 18 35 B I =
Other Pulsss 115 = 1hpetl. o5 08 " =46 73 | i B
ruminant
Peas 438 § meat 03 04 = 12 34 | | e
Muts 199 & 22 03 lar =27 785 B Bl [
Grains 23k = 10 27 LI 17 46 W = =
B oamw 9 2 4 ® 0B M B & W B MG W B
Milk 1.8k = 17 32 = 1.1 88 I e e
Soymilk 354 = 06 1.0 = 03 07 | i i

Reducing food’s environmental impacts through producers and consumers
Poore and Nemecek, Science 360, 987-992 (2018)
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Variability in environmental impact
Due to many factors

GHG Emissions Land Use Acid. Eutroph. Scty. Water
(kg CO,eq) St (m2year) _— (gS0:eq) (gPO.s*eq) (kLeq)
C wookea T | T ¢ A R D ogh B O BT 5P
Cassava 288 Il 04 1.4 = 08 19 ] |
Rice (flooded) 7.8k . 04 12 & 0.3 08 I s e
Oatmeal 139 ] 03 089 L 11 29 | ] [ ] =
Potatoes 604 = 02 06 . 06 12 [ ] B =
Wheat & Rye (Bread) 8.8k = 02 086 . 04 1.4 I [ ==
Maize (Meal) 6.2k | & 02 04 |W 03 o7 R m ]
D 1liter ° 5 10 15 0 0 20 20 0 30 800 30 800 100 200
Palm Qil 220 = 36 73 = 1.7 24 B =i
Soybean Oil 487 = 24 B3 . 53 11 [ | [ ;|
Olive Oil 411 . 29 54 W79 26 i N
Rapeseed Oil 1.8k  ['m 25 38 . 52 11 — fil= i
Sunflower Qil 519 . 25 38 . g4 18 I S
E g @ 4 4 8 L N N I I, B K
Tomatoes 855 == 04 24 = 01 08 D e
Brassicas 40 W 02 05 . 02 06 1= )| [ —
Onions & Lecks 37 = 03 05 . 01 04 W [ )
Root Vegetables 43 (= 02 04 . 02 03 | ] [

Reducing food’s environmental impacts through producers and consumers
Poore and Nemecek, Science 360, 987-992 (2018)
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Variability in environmental impact
Due to many factors

GHG Emissions Land Use Acid. Eutroph. Scty. Water
(kg CO,eq) it (m2year) soth (gS0O:eq) (gPO,*eq) (kLeq)
F 1kg ° 1 2 3 0 2 4 6 0 1 200 10 200 30 60
Berries 183 - 08 15 . = 03 24 I ]
Bananas 246 - 06 09 L 03 19 i il |
Apples 125 (™ 03 04 & 03 o6 W | =
Citrus ar7 = ® 01 04 [ 04 0o W = =i
G kg ° 2 4 6 0 1 2 3 4 0 20 400 20 400 20 40
Cane Sugar 116 . 0.9 32 . 12 20 I
Beet Sugar 209 . 12 18 . 12 12 R =l (i
T s B 02 04 06 0 02 04 06 0 1 20 05 10 01 02
Beer (5% ABV) 695 . 0.14 0.24 N 0.05 0.22 [ | ] i
Wine (12.5% ABV) 154 | = 0.07 0.14 . 0.07 0.14 [ | I e
| { swidng 3 6 g 0 3 6 9 0 5 100 10 200 04 02
Dark Chocolate (50g) 162 . -0.01 2.3 . ' 1.7 34 1R —— =l
Coffee (15g, 1 cup) 346 = 0.08 04 = 013 03 1] |

Reducing food’s environmental impacts through producers and consumers
Poore and Nemecek, Science 360, 987-992 (2018)
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Source of animal protein for food
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Mitigation potential

(with all Best Practices, at same level of production)

MILLION TONNES CO-EQ

819 790 766 596

7195 *£137 “f231 f244

P v M =

CATTLE CHICKENS PIGS BUFFALO SMALL RUMINANTS

Mitigation potential of the global livestock sector. The mitigation potential estimate excludes changes
between farming systems and assumes the overall output remains constant.
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Food diet changes drive to mitigation

Reducing food’s

: _ - 120%  Q
environmental impacts D
through producers and o B
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Current (~2010) Diet = No Beef (beef herd) or  No Beef (dairy herd), No Pork or Poultry No Animal Products
Mutton Milk, or Cheesa (Eggs and Fish only)
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Food diet changes drive to mitigation

120 O
a
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Current (~2010) Diet = No Beef (beef herd) or  No Beef (dairy herd), No Pork or Poultry No Animal Products
Mutton Milk, or Cheese (Eggs and Fish only)
Land Use (millicn ha) 4,130 2,210 1,100 1,010 1,000
Arable Land 1,240 1,170 1,100 1,010 1,000
Permanent Pasture 2,890 1,040 0 0 0
GHG Emiss. (Gt CO.eq) 13.65 10.98 9.08 8.13 T.04
Land Use Change 2867 1.84 1.54 1.05 sﬁ:::mc‘?: 1;:;:- 1.02
Feed Production 1.10 1.09 0.98 0.52 C:::l:l‘; 1?:; 0.00
Food Production T.46 5.69 4.2 4.41 Lﬂsss!;: E«ﬁ 3.70
Processing 0.60 0.55 0.52 0.44 0.54
Packaging 0.80 0.79 0.80 0.74 0.78

Transport 0.63 0.63 0.63 0.61 0.62 B
Retail 0.39 0.39 0.40 0.36 0.38



Food diet changes drive to mitigation

Reducing food’s environmental impacts through producers and consumers. Poore and Nemecek, Science 360, 987-992 (2018)

Current (~2010) Diet = No Beef (beef herd) or No Beef (dairy herd), No Pork or Poultry No Animal Products

Mutton Milk, or Cheese (Eggs and Fish only)
Land Use (million ha) 4,130 2,210 1,100 1,010 1,000

Arabile Land 1,240 1,170 1,100 1,010 1,000

Permanent Pasture 2,890 1,040 0 0 0
GHG Emiss. (Gt COeq) 13.65 1098 9.08 8.13 7.04

Land Use Change 267 1.84 1.54 105, | o i 7 102
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Food Production 7486 569 4.21 et | P am| am

Processing 0.60 055 0.52 0.44 0.54

Packaging 0.80 0.79 0.80 0.74 0.78

Transport 0.63 0.63 0.63 0.61 0.62

Retail 0.39 0.39 0.40 0.36 0.38
Acidification (W SO,eq) 80 B34 94 58 441

Farm 723 66.8 52.3 417 29.4

Post-Farm 18.7 16.6 17.1 14.1 14.7
Eutr. (MLPOeq) 647 88 . 83 s 27

Farm 616 55.8 454 439 29.7

Post-Farm 31 3.0 29 27 3.0
Freshwater Withdr. (km?) 2,200 2,200 1800 180 1m0
Scarce-Wtd. Wir. (km'eq) 74,300 73,800 62,300 61,600 59,900
Food Losses (%) 26.7% 26.6% 26.6% 26.4% 26.8%

Farm to Distribution 4.9% 4.9% 4.8% 4.6% 4.8%

Reduction in food
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fraai fruit and

Road 2,910 2,900 2,890 2,880 vegetablis 2,870
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Milk productivity is a driver
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The environmental impact of dairy production: 1944 compared with 2007
Capper et al., JANIM SCI 2009, 87:2160-2167
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Total milk production per cow is a way

Milk production and improvement depend on: genetic
performance, feeding enhancement, reproduction

factors, animal health, animal welfare......
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Dairy Efficiency (kg FPCM/kg DMI)

White (2016): decrease of 10% of Dairy Efficiency can
cause increase of 6-8 % in CO, eq. kg/kg FPCM

2.5

y =-0.8155x+2.5919
0 R? =0.2467
0.8 0.9 1 1.1 1.2 1.3 14 1.5 1.6 1.7

Dairy efficiency
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Feed rations for dairy cows

Most of responsibility is on SoyBean Meal production
Gislon et al., 2020 - J. Dairy Sci. 103:4863—-4873
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Feed rations for dairy cows

Gislon et al., 2020 - J. Dairy Sci. 103:4863—4873

T

<30% com silage ~o

0.8 ® >12% alfalfa hay

" s

> 20% forages excluding
cormn silage

0.4 g~ <12% SBM yes com silage

>14 g of CH,/kg of FPCM

\\.

0.2 <20p# com grain meal

e

v 1
0\ <14 g of CH /kg of FPCM

no corn silage

<12% alfa
/ﬁ-
>12% SBM

/. -0.6 ® >30% corm silage

no alfalfa hay

>20% com meal

Dimension 2 (19.9%)

-0.8 o <20% forages excluding

corn silage

l
I

Dimension 1 (21.7%)

: .| UNIVERSITA DEGLI STUDI DI MILANO
AA ll/ ) | DIPARTIMENTO DI SCIENZE AGRARIE

E AMBIENTALI - PRODUZIONE,
TERRITORIO, AGROENERGIA

ZOOTECNIA




Methane mitigation on Enteric emission

Integrated approaches at long term: ruminal microbiota,
diets, animals, manure management.....

Knowledge and economic premium: farmers’ education,
incentive, NO taxes (i.e. Carbon Tax)

* Methane mitigation is driven by decreasing of Production
of H, , without any effects on digestibility/degradability
of feeds (but negative effects on milk production)

* Inibition of methanogenes (Archaea)

Martin et al., Animal (2010), 4:3, 351-365
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Methane mitigation by biotechnology

* Vaccination against methanogenes
low effect (8-10%), no replicable, no in the long term
(probably due to other methanogenes species)

* Antibodies

— Noin the long term -

* Bacteriocins (nisin, bovicin HC5) ,‘”
N\ ONJTRE X
— Just in vitro Q %"" *\«'/&

* Virus bacteriophages: active on methanogenes?




Methane mitigation by probiotics

* Probiotics to stimolate acetogenesis bacteria

(capture of CO, e H* to produce acetic acid) as in small intestine
with pH>7. In rumen they are less efficient than methanogens,
because of high concentration of CO, , and the reaction is
thermodynamically unfavorable

* Use of yeast as Saccaromyces (positive effect as a
probiotic, but low effect on methanogenes)




Methane mitigation by elimination
of protozoa

Fig

Capt

Fig. 3. Symbiosis of methanogens with ciliates.
A. Metopus laminarius from freshwater
sapropel. The cell is surrounded by extruded
trichocysts; differential interference contrast. B.
Same cell; methanogens revealed by
epifluorescence microscopy as intracellular
rods. C. Eudiplodinium maggii from a cellulose-
fed culture; the celt is covered with_.. Read more

~ Protozoa
{Entodiniomorphids)



Methane mitigation by elimination
of protozoa

* Protozoa are also producers of H,, and host archaea
on the surface. These Archaea are responsible of 10-
35% of total CH,

* Lipids, saponins, tannins and ionophores are toxic for
protozoa mm) MITIGATION ACTIONS

 BUT, the capacity to adaptation on new conditions in
rumen, it is due to protozoa capacity to adaptation
== short term effect

* AND protozoa represent 40-50% of protein in intestine
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Methane mitigation
additive use in the diet

Use of forages

Legume for decreasing CH,
— Because of digestibility/degradability and intake increase

— Presence of tannins (sulla, lupinella, ginestrino....no trifogli)
— Young forages decrease CH, high sugars

— Silages decrease CH,
— Pelleted forage decrease CH,
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Methane mitigation
additive use in the diet

Use of concentrate

decreasing CH, maximum level of 7,6% GE for 35% concentrate

produzione

CH4 (%/GE)
o = ] w i U =) ~J 4]

o

0.2 0.4 0.6 0.8 1
proporzione di Concentrati
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Methane mitigation
additive use in the diet

Use of concentrate

— Because of cellulose and hemicellulose produce
acetate, while starch and sugars produce propionate

— And decrease pH that decrease protozoa,

— An example: in Buffalo no effects (Fibrobacter
succinogenes don’t produce H,)
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Methane mitigation
additive use in the diet

Use of lipids

— Lipids decrease CH, 2,2% for each % of added lipids
(Giger-Reverdin et al., 2003; Eugene et al., 2008)

— Lipids decrease CH, 5,6% for each % of added lipids, on
sheep and goats (Beauchamin et al., 2008)

— Short term effect — adapation of bacteria
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Methane mitigation
additive use in the diet

Use of lipids

— Review Martin et al. (2010) decrease 3,8% for each % of added
lipids, but dependent on FA origin (medium chain)

120
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£ o0l a8 " et % Amedium chain (C12:0, C14:0)
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o
2 60 ‘ = aoleic (C18:1)
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Mitigation effects on farm level

Effect of mitigation options on direct and indirect emissions on grass/fertiliser-N farm.

Present Less mineral Less More milk No grassland
fertiliser grazing per cow renovation

Methane 7623 + 289 —281
Nitrous oxide (direct) 3220 —151 -273 -73 —10
Nitrous oxide (indirect) 1381 —34 -29 —88 + 24
Carbon dioxide (direct) 263 + 55 + 10 —10
Carbon dioxide (indirect) 3582 —82 -5 —11 4
Carbon sequestration — 6468 —843
Total (kg CO, ha™') 9597 —267 +37 —443 —843
Total (kg CO, kg FPCM ™)’ 0.70 —0.02 0.00 —0.03 —0.06
Ammonia volatilisation (kg N ha ') 57 —0.6 +3.4 —1.1 0
Nitrate leaching (kg N ha™ 1) 20 -1.5 —1.8 -2.1 0

A farm level approach to define successful mitigation strategies for GHG emissions from ruminant livestock systems.
Schils et al., Nutrient Cycling in Agroecosystems 71: 163—175, 2005.
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Eutrophication
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Eutrophication of the waters

« Caused by nitrogen and phosphorus released on agricultural
soils in the form of mineral fertilizers and animal wastes in
excess compared to the utilization ability by the plants, or to

the immobilization capability of the soil
 Nutrients accumulate in the soil and tend to transfer to surface

waters (runoff; N and P) and groundwater (leaching; N)

NH,
Fertilizer N Volatilization
B N

Y

B

Ammonium
NH,*

Nitrification
L Immobilization

Leaching, runoff
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N balance per ha (EU)

Nitrogen surplus, 2005

(kg/ha)
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N efficiency in dairy cows
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N efficiency and Dairy Efficiency
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Equations for N uptake

N uptake (g/d) = 2,82 x Milk (kg/d) + 346 (Nennich et al., 2005)

N uptake (g/d) = DMIntake (kg/d) X diet CP (g/g DM) X 84,1 +
BW (kg) X 0,196 (Nennich et al., 2005)

N fecal, depends of apparent digestibility of N
N urinary (g/d) = 2,76 x diet CP — 233 (Nousiainen et al., 2004)

N urinary (g/d) = 2,64 x diet CP + 1,66 x Milk — 262 (Nousiainen
et al., 2004)
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Equation verification

(Rapetti et al., 2018)

Pirondini CNCP Nennich Nennich
et al., Svs et al., et al.,
20153 6.5 2005° 2005°
Peso vivo (kg) 626 626 626
Ingestione di sostanza secca (kg/d) 22,8 22,8 22,7
Proteina grezza della dieta (%) 14,7 14,7 14,7
Latte prodotto (kg/d) 27,0 27,0 27,0
Proteina grezza del latte (%) 3,77 3,77
MUN!' (mg/dL) 10,1 8,9
Bilancio dell'azoto
N ingerito (g/d) 533 533
N fecale (g/d) 207 210
N urinario (g/d) 168 163
N deiezioni (g/d) 375 373 422 402
N latte (g/d) 30 % 160 160
N ritenuto (g/d) -2 0
Volatilizzazione? dell'N (%) 28 28 28 28
N al campo (g/d) 270 269 304 290
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Easy use of N farm balance (kg/ha)

Balance (kg N/ha) = (Output N — Input N)/ha

LCA - FROM THE CRADLE TO

o FARM GATE = ‘-"' —_

F"n:-duzmne Iﬂm Trasparta alimeml

INDICATORI DI IMPATTO
Utilizzo di suolo: m?
Utilizzo di energia fossile: MJ
Riscaldamento globale: kg CO, eq.
Acidificazione: kg 50, eq.
Eutrofizzazione: kg PO, eq.
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Contributionof N sources on soils

Italy 2014

W Fertilizzantiinorganici @ Reflui zootecnici mBovini MSuini M Ovicaprini ™ Pollame M Altre specie
W Fertilizzanti organici B Fissazione dell'azoto

W Deposizione atmosferica m Semi e piante

Eurostat, 2017
Gross Nutrient Balance
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Acidification
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Acidification (g SO,)

Soil and water problems

* SO, (mainly sulfur oxide) not from agriculture

* SO, sulfur dioxide (not from agriculture)

* NO, = NO monoxide and NO, dioxide from NH3

From these molecules, sulfuric and nitric acid are
generated in the atmosphere, which precipitate
by gravity or by rain (pH modification in soil and
water)
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Ammonia Emissions

Acid rain (acidification)
Particulate (PM 2,5)

Castle (43.4%)

Poulry (26.7%)

More than 90% of ammonia come
from agriculture:

- Manure and slurry (urease)
- N fertilizers

Swine (10, 1%)

Fartilizar
Applicazion (9.5%)
Rafrigaration {5. | %)
Combustion (|.3%) Publichr-owned

Treatrnent Works {2.0%)

Sources || 2%)

Figure 2. Estimates of ammaonia emissions from man-made
sources in the LS. in 1994 (Battye et al.. 1994).
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Ammonia Emissions in UE

Total NH, emissions [kg N km“yr ]
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Mitigation and agriculture

Global mitigation potential at 2030
5,5-6 Gt CO, eqg/year (on total of 50-55 Gt)

90% in the maintainance and increase of organic
Carbon sink in the fields and in the plants
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*’“Iy Mitigation and agriculture

Organic Carbon sink:

Restoration of cultivated soils (increasing C sink)
iImprovements in management and tillage practices on
cultivated land (manure management)

Minimum tillage or no tillage

management of crop residues and water resources
the restoration of degraded land (afforestation and
reforestation, erosion control and organic manure)
Improvements of pasture management




Mitigation and agriculture

Figure B: Contribution of each technology to total mitigation, EU-28 (2030)
JRS 2016 - ECAMPA 2 Report
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Mitigation and agriculture...and diet

Reducing
o~ , food loss and waste

RESPONDING for) o |
TO CLIMATE CHANGE (3 >/ e | » s
Sigution i koy Tor the lc:ng-term Rmum’m ;; _x' — ‘- my
foed security of the world's population. officioncy regeneralion .ﬂw o,

of N0 and CH,

Rebalancing diets
o Forestry m towards less

animal-sourced foods

" W2~ e oEmER

Reducin A:Ioplmg’
doioumriaon sustained-yiold nllll!'bil.hb rise
and increasing management of atmospheric O,

forested areas in fimber production

How we mitigate cimate change and adapt to it
m will determine whether humanity succeeds in eradicating hunger and poverty

Y #SOFA16
% Food and Agriculture Organization #ClimateChange
of the United Nations fao.org/publications/sofa



Mitigation and agriculture

Carbon Tax ?

EFFECTS OF A USD 20 TAX PER TONNE OF CARBON DIOXIDE EQUIVALENT ON SELECTED AGRICULTURAL PRICES
FOR SELECTED COUNTRIES (PERCENT INCREASE)

Country Wheat Rice Beef Sheep meat Chicken
Australia 3.0 3.4 11.0 13.4 0.2
Brazil 2.2 2.5 16.5 16.7 0.2
China 2.6 4.0 12.5 5.9 0.6
Ethiopia 1.2 r Z71.5 25.2 2.8
European Union 2.4 13.1 8.2 10.1 0.2
India 3.6 3.5 54.4 22.4 0.5
Indonesia 2.4 5.6 22.6 22.3 2.9
New Zealand 2.4 - 8.9 8.1 0.2
United States of America 2.4 5.6 6.0 - 0.2

SOURCE: Blandford, D. and Hassapoyannes, K. 2018. The role of agriculture in global GHG mitigation. OECD Food, Agriculture and Fisheries Papers No. 110. 0ECD Publishing.
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The change need us....

A more sustainable food approach reduces at all
levels (production, distribution and retail, waste!)

the impact on natural systems, biodiversity and
balanced diets, for everybody
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