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Adverse impacts from

Impacts of climate change

human-caused

climate change will continue to intensify

a) Observed widespread and substantial impacts and
related losses and damages attributed to climate change

Water availability and food production
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Includes changes in ecosystem structure,
species ranges and seasonal timing

b) Impacts are driven by changes in multiple physical climate

conditions, which are increasingly attributed to human influence

Attribution of observed physical climate changes to human influence:

Medium confidence Likely Very likely Virtually certain
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agricultural in fire compound in heawvy retreat  level rise oCean_ in hot
&'ecological  weather flooding  predpitation acidification extremes
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Key

Observed increase in climate impacts
to human systems and ecosystems
assessed at global level

. Adverse impacts

. Adverse and positive impacts

,. Climate-driven changes observed,
no global assessment of impact direction

Confidence in attribution
to climate change
+a+ High or very high confidence
=+ edium confidence
* Low confidence

Source: IPCC, 2023: Summary for Policymakers.
doi: 10.59327/IPCC/AR6-9789291691647.001



Impacts of climate change

2011-2020 was
around 1.1°C warmer
than 1850-1900

future experiences depend on
Future emissions (/ how we address climate change
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Source: IPCC, 2023: Summary for Policymakers.
doi: 10.59327/IPCC/AR6-9789291691647.001
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GPG2000
Revised 1996 IPCC Guidelines
Technical Bulletins
Presentations
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Emission Factor Database (EFDB)
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Meetings
FAQs
Links

Electronic Discussion Group (EDG)

Publications

IPCC 2006

ipCC

INTERGOVERNMENTAL PANEL ON ClimaTe chanee wHO UNEF

IPCC web sites v

2006 IPCC Guidelines for National Greenhouse Gas Inventories

4 2006 IPCC Guidelines Top
*Vol.1 GGR
* Vol.2 Energy
*Vol.3 IPPU
* Vol.4 AFOLU
* Vol .5 Waste

« Other Language Versions:
* Arabic
# Chinese
* French
* Russian
* Spanish

Get Adobe
Reader*

Source: https://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html
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2006 IPCC Guidelines for

National Greenhouse Gas Inventories

||
Cover, Foreword and Preface [

Overview [
Glossary [

List of Contributors [T *1
*1: Corrected chapter(s) as of April 2007.

The series consists of five volumes:

Yolume 1 General Guidance and Reporting

Volume 2 Energy.

Volume 3 Industrial Processes and Product Use

The series consists of five volumes:

Yolume 2 Energy;

Yolume 5§ Waste

Yolume 1 General Guidance and Reporting

Yolume 3 Industrial Processes and Product Use

Volume 4 Agriculture, Forestry and Other L.and Use

CHAPTER 10

EMISSIONS FROM LIVESTOCK AND
MANURE MANAGEMENT
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IPCC web sites
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Publications

Livestock
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IPCC-TFI Home
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Publications 4 2006 IPCC Guidelines Top = R . {+)
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KP Supplement SvoL4AroLY | EEmeea————————————e ' Grassland
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Degradation of Forest * Chinese Glossary
GPG2000 : ;T:scign List of Contributors [z *1 Settlements ®
Revised 1996 IPCC Guidelines * Spanish *1: Corrected chapter(s) as of April 2007. Other Land

3C Aggregate Sources and Non-CO; Emissions Sources on Land
Other

®

IPCC highlighted the substantial contribution of fossil fuel use and agriculture, predominantly by
livestock, to the increase in atmospheric methane (CH4) emissions (IPCC, 2021).

Source: https://www.ipcc-
nggip.iges.or.jp/public/2006gl/vol4.html



Global Livestock Environmental Assessment Model (GLEAM)

Pre-GLEAM GLEAM 1 GLEAM 2
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Non-spatial 2006 IPCC Guidelines 2006 IPCC Guidelines
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Online application
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GLEAM Dashboard
Interactive application
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Global Livestock Environmental Assessment Model (GLEAM)

« Total animal population
* Herd parameters

l

HERD MODULE
Calculation of herd
structure and dynamics

* Average nitrogen content of ration

* Number of animals in each cohort
* Average bodyweights
* Growth rates

ANIMAL EMISSIONS MODULE
Calculation of:
»/  * animal’s nitrogen and volatile solids excretion rate

* Feed intake at cohort level
l * Average digestibility of ration

* total herd’s emission from manure (N,O, CHa)
* total herd’s emission from enteric fermentation
ilable for recycle

* itrogen

&

* Share of different manure management systems
* CH+ and N>O emission factors for manure systems
* Climatic zones

* B, coefficients

* Nitrogen excretion
* Manure-nitrogen available

A

* Cropland, grassland and marginal areas
* Maximum applied or deposited nitrogen
* Share of manure managed in pastures

&

FEED RATION & INTAKE MODULE
Calculation of:

A 4

* ration composition,
* nutritional values
P * animal’s energy requirements

* animal’s feed intake

* Crop yields
* Nutritional values of feed materials
» Coefficients for animal energy requirements

* Crop yields

« Emission factors for nitrogen glows

* Energy use in field operations

« Emissions factors for feed processing and transport

* Emissions factors for fertilizer and pesticide production
= Synthetic fertilizer application rates

* Emission factors for land-use change

v
MANURE MODULE

Calculation of manure application
and deposition rate to arable land
and pastures

* kg N per ha

* Feed intake at cohort level

FEED EMISSIONS MODULE
Calculation of emissions per kg DM:
* N20 from nitrogen inputs to soil
* CO:; from field operations
* CO; from fertilizer production
* CO: from pesticides production
* CO: from processing and transport
* CO:; from feed blending
* CHq from rice cultivation
Totalization of the herd’s emission from the source above

* Carcass to bone-free-meat

« Dressing percentages

* Fiber yield

* Protein content (milk, meat, eggs)
* Animal’'s energy requirements

* Total animal emissions

v

ALLOCATION MODULE 6
Calculation of

* total production of meat, milk and eggs

* totalization of emission from different sources

* emissions allocated to products

* ission i ities per dity

* Total feed emissions
Emission factors for:
* Direct energy use

* Indirect energy use
* Post farm activities

| (O Ccaleulation sequence

1
|
| * Intermediate calculations within GLEAM ]
| *lnput data from literature, existing 1
| ]

lod,

datab and expert k g




Global Livestock Environmental Assessment Model (GLEI\/I)

> GLEAM is a modelling framework that simulates the interaction of activities and processes
involved in livestock production and the environment. The model can operate at (sub)
national, regional and global scale.

> to quantify production and use of natural resources in the livestock sector and to identify
environmental impacts of livestock in order to contribute to the assessment of adaptation
and mitigation scenarios to move towards a more sustainable livestock sector.



GLEAM 3 dashboard

fodmasgicite  GLEAM 3 dashboard

United Nations

#A Home

Welcome to the GLEAM dashboard

R Livestock emission data at a glance

The GLEAM dashboard is an interactive web-application presenting data produced by the Global Livestock Environmental Assessment Model (GLEAM) a project
within the Animal Production and Health (NSA) division of the Food and Agriculture Organisation of the United Nations (FAO). The data is organised and can be
accessed through four main pages: Animal Population, Animal Products, Emissions, and Emission Intensities. Additional pages can be found to provide
supplementary information regarding the use of this dashboard. This platform intends to support FAO Members when assessing environmental impacts of
livestock, such as Greenhouse Gas (GHG) emissions, and to explore additional data sets related to livestock supply chains. Selected input and output data from
the GLEAM can be downloaded within the Input Data and Emission Intensities pages, with the intent to support further processing and analysis related to research
contributing to a more sustainable livestock sector. All data displayed is based on GLEAM 3, with reference year of 2015.

To start, please select one of the pages below.

Emission Intensities

Data for livestock products (meat, milk Estimated GHG emissions from the entire Estimated GHG emissions pt
1 Spe by

Animal Products

Animal Population Animal Products Emissions

Data on the population of different

Animal Population

GLEAM v3 Dashboard

foodandagricultureorganization.shinyapps.io/GLEAMV3 Public/

Emissions Emission Intensities

Data on the population of different
livestock species, herd, and production
system. Animal population estimates are
based on the Gridded Livestock of the
World GLW4.

Data for livestock products (meat, milk
and eggs) by species, herd, production
system and commaodity, per unit of protein,
and weight.

Estimated GHG emissions from the entire
livestock supply chain by species, herd,
production system, commoaodity, source,

and gas.

Estimated GHG emissions per unit of
livestock product and stock by species,
herd, and production system. Data is
downloadable at a chosen geographic
level.


https://foodandagricultureorganization.shinyapps.io/GLEAMV3_Public/
https://foodandagricultureorganization.shinyapps.io/GLEAMV3_Public/

GLEAM system

GLEAM system boundary

L Indirect emissions
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change
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1
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| | |

Enteric fermentation, On-farm energy
manure management consumption
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Primary :
Transport  processing Packaging
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Retails and
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Upstream emissions Downstream (post-farm) emissions

Source: FAO. 2023. Pathways towards lower emissions — A global
assessment of the greenhouse gas emissions and mitigation options
from livestock agrifood systems. Rome
https://doi.org/10.4060/cc9029en

https://www.fao.org/gleam/ dashboard/en/
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Global Livestock Environmental Assessment Model (GLEAM)

The Global Livestock Environmental Assessment Model (GLEAM) was developed to address the
need for a comprehensive tool to assess interactions between livestock and the environment.
The main features of the current version of GLEAM are:

> Systematic, global coverage of six livestock species and their edible products: meat and milk
from cattle, buffalo, sheep and goats; meat from pigs and meat and eggs from chicken.

> Spatially explicit modelling of livestock distribution, climatic data, feed yields and biophysical
processes that allows the capture of local production drivers and/or constraints,
environmental impacts and identification of intervention measures.

» Estimation of greenhouse gas emissions from each stage of production. The model covers
emissions of methane (CH4), carbon dioxide (CO2) and nitrous oxide (N20), using an IPCC
Tier 2 methodology, providing more accurate information on how animal feeding, herd and
manure management options can help in mitigation.

> Can be used to run scenarios of interventions in the livestock sector and can be coupled with
other models (e.g. grassland models for sequestration, economic data for cost of mitigation
etc.)



Global Livestock Environmental Assessment Model (GLEAM)

> livestock animal numbers, production systems and their spatial distribution
» production of manure and its management

» feed intake and animal feed rations composition and quality

» land use associated with feed intake

» production of livestock commodities

> GHG emissions arising from each stage of production

> nitrogen used at each stage of production



GHG emissions assessment

LUC: pasture expansion (CO,)
Embedded on-farm energy (CO,) —

Feed (CO,)
co,
Caute . _ Global GHG emissions from
Meat Enteric fermentation (CH,) Iivestock° 6.2 Gt COZeq
. LUC: soy and palm (CO,) CH, -3,
chicken @D s Cattle- 3.8 Gt CO2 eq per year
. H Direct on-farm energy (CO,) mm
|g5 Feed (CH‘} _
conte & Milk 30% manure (ci,) [l CH4: 3.3 Gt CO2eq
oa
Y reed (v,0) [ - # -Enteric CH4: 85%
Sheep wirss T Manure (N;0) (7] ’ -Manure CH4: 15%

Source: FAO. 2023. Pathways towards lower emissions — A global
assessment of the greenhouse gas emissions and mitigation options
from livestock agrifood systems. Rome
https://doi.org/10.4060/cc9029en

https://www.fao.org/gleam/ dashboard/en/



GHG emissions assessment

B Enteric fermentation (CH,)
B Manure (CH,)
B Feed(cH,)

Il Direct on-farm energy (CO,)

B Embedded on-farm enerey (CO,) 38 % of emissions are associated with upstream and
M Feed (cO,) downstream processes (feed production and
¥ Luc soy and palm ((?02) processing)
1.6% LUC: pasture expansion (CO,)

Post-farm (CO,)

B Feed(N,0)
B manure (N,0)

Source: FAO. 2023. Pathways towards lower emissions — A global
assessment of the greenhouse gas emissions and mitigation options
from livestock agrifood systems. Rome
https://doi.org/10.4060/cc9029en

https://www.fao.org/gleam/ dashboard/en/



o' N SUOISSIWR
[
o 050z pa1afoid
. —
o 2 Juswaseuew
= T aInuew
™~
5._| — asn ASJau3
B
w B A S3ILWO0U02301q
(@] 5 1R
ofd
(7,]
(] S uopensanbas
> L uoqie)
- m— 1
m 2 y3eay jewjue
- = panoidu|
(7]
]
m o - syuawanoidul
Nl uonINU pue paa4
()]
-
(<)) @ uonendiuew
S 5 uawiny
()
i o
= -
(7]
.W. W sasealdul
2 - fainnpoid
L= -
._..ua. ¢ - 315eM pue ss50)
(= _ pooy Bupnpay
o sasueyd
o fie1a1g
uonesiiw ou
‘SUOISSIWD

0507 papealoid

9 061
|

5 (Nwg) suoissiwa
~ leuonippy
o
& uoIssiwa
© I Jeaf aseq
= o o =] o o o o = o 5
(S g 8 5] 5] 8 8 S = S
= a &0 ™~ o [T = o ~ —
Lol

[ba’02 40 W] uoIssIWa [e3O)




Resources

GLEAM

(Global Livestock Environmental Assessment Model (fao.org))

Food and Agriculture Organization
of the United Nations

GLOBAL LIVESTOCK ENVIRONMENTAL

ASSESSMENT MODEL

Version 3.0

Data reference year: 2015

Food and Agriculture

noime GLEAM 3 dashboard

rga
United Nations

Welcome to the GLEAM dashboard

Pathways towards lower emissions

Pathways towards lower emissions (fao.org)

Livestock emission data at a glance

GWP100 set

AR (CH4=27, N20=273)»

The GLEAM dashboard is an intoractive wab-application presenting data produced by the Global Livestock Environmental Assessment Model (GLEAM) a project
within the Animal Production and Health (NSA) division of the Food and Agriculture Organisation of the United Nations (FAO). The data Is organised and can be
accessed through four main pages: Animal Population, Animal Products, Emissions, and Emissiony*c:i ‘onal pages can be found to provide
supplementary information regarding the use of this dashboard. This platform intends to support F in assessing environmental impacts of
livestock, such as Greenhouse Gas (GHG) emissions, and to explore additional data sets related to livestock supply chains. Selected input and output data from
the GLEAM can be downloaded within the Input Data and Emission Intensities pages, with the intent to support further processing and analysis related to research
contributing to a more sustainabla livestock sector. All data displayed is based on GLEAM 3, with refarence year of 2015,

To start, please select one of the pages below.

Animal Population Animal Products Emissions Emission Intensities

® ® & @

Data on the population of diflerent
Iivestock species, herd, and production

Data for livestock products (meat, milk
and eggs) by species, herd, production

Estimated GHG emissions from the entire
Iivestock supply chain by species, herd,

Estimated GHG emissions per unit of
Iivestock product and stock by speces,

n £ Type here to search

A global assessment of the greenhouse
gas emissions and mitigation options
from livestock agrifood systems



https://www.fao.org/fileadmin/user_upload/gleam/docs/GLEAM_3.0_Model_description.pdf
https://openknowledge.fao.org/items/b3f21d6d-bd6d-4e66-b8ca-63ce376560b5
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