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1. INTRODUCTION

1.1. USER’S GUIDE CONTENT

This user guide describes how to use the Global Environmental Assessment Model-interactive tool (GLEAM-i) to

estimate production, greenhouse gas (GHG) emissions and mitigation potential in livestock supply chains. GLEAM-i
is intended to support policy-makers, private sector, NGOs, scientists and civil society in understanding emissions
from livestock production and designing interventions to reduce their contribution to climate change.

This user guide is divided into three chapters and one annex:

- Introduction: provides a brief introduction to key concepts and terminology, describes the general
structure of the model and discusses the targeted public of the tool.

- GLEAM-i in detail: describes the livestock production systems covered by GLEAM-i and explains the
different modules of the tool.

- Step-by-step example: provides a detailed example on how to implement a scenario.

- Annex: detailed lists of variables in GLEAM-i.

1.2. KEY CONCEPTS AND TERMINOLOGY

GREENHOUSE GAS EMISSIONS AND GLOBAL WARMING POTENTIAL

GLEAM-i covers the emissions of the three main GHG related to agricultural activities: carbon dioxide (CO2), methane
(CHa4) and nitrous oxide (N20). The Global Warming Potential (GWP) is the measure of the ability of a certain gas to
trap heat in the atmosphere for a given period of time relative to a CO2 molecule. GLEAM-i uses the 100 years AR5
IPCC report! GWP values: 34 for CHs4 and 298 for N2O. That is to say that molecules of methane and nitrous oxide
trap respectively 34 and 298 times more heat than carbon dioxide over a period of 100 years.

UsSE OF IPCC TIER 2 METHODOLOGIES

A given IPCC Tier refers to a set of methodological rules used to estimate GHG emissions with an increasing level of
complexity?. GLEAM-i uses Tier 2 methodologies to perform most of its calculations. In contrast with the simpler Tier
1 approach, Tier 2 methods rely on enhanced characterization of animal populations. This translates into a more
accurate estimation of feed intake and quality for the calculation of emissions from enteric fermentation and manure
management. Also, the use of Tier 2 methodologies better reflects changes in emissions due to intervention

scenarios such as feed or manure management.

LIFE CYCLE ASSESSMENT

The general principle of a life cycle assessment (LCA) is to account for all the inputs and outputs associated with a
specific product within a defined boundary system. The application of LCA allows the detection of negative
environmental burdens along the main stages of livestock production. It also allows to identify when interventions
would result in shifting the negative effects from one stage to another.

DEFAULT, BASELINE AND SCENARIO CONDITIONS

Default conditions are those included in the tool database and are calculated as country averages of the values used
in the main GLEAM model. Baseline conditions represent the “initial” system state, that is, the situation to which the
Scenario conditions will be compared to. Scenario conditions refers to the situation where changes to the Baseline
conditions have been made (to simulate a mitigation package, for instance). Before any modifications, all three sets
of values are identical.

1IPCC, 2014. Climate change 2014: Synthesis report. IPCC, Geneva.
2|PCC, 2006. Guidelines for National Greenhouse Gas Inventories. IPCC, Geneva
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1.3. GLEAM-i STRUCTURE OVERVIEW

GLEAM-i is based on the Global Livestock Environmental Assessment Model (GLEAM), a spatially explicit modelling
framework that simulates the biophysical processes of livestock production and its environmental impacts using a
LCA approach. GLEAM differentiates key stages along livestock supply chains such as feed production, processing

and transport, herd dynamics, animal feeding and manure management.
GLEAM-i retains most of the key characteristics of GLEAM:

- 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.

- Estimation of CO2, CHs and N20 emissions arising from each stage of production.

- Use of Tier 2 methodology in animal herd dynamics, enteric fermentation and manure management
emissions, providing accurate information on how animal husbandry, feeding and manure management
options affect environmental performance.

- Use of 2010 data in GLEAM-i 2.0 and a number of new features also added in GLEAM 2.0 such as CO2
emissions due to land-use change for production of palm kernel cakes and addition of a new production
system: feedlot operations for beef cattle.

Users can find detailed description of GLEAM, including variables and equations, in the GLEAM model description

on line.

GLEAM-i consists of three modules for data input, representing the main livestock production stages and one
calculation module (Figure 1). The purpose of each module is summarized below:

- The herd module simulates the herd dynamics and the average animal characteristics for each cohort.

- Thefeed module determines the nutritional characteristics of diets and estimates the associated emissions.

- The manure module calculates the rate at which nitrogen from manure is deposited and applied in the
fields. This is necessary to calculate emissions associated with feed production.

- Total herd emissions and production are calculated in the system module using Tier 2 methods.


http://www.fao.org/fileadmin/user_upload/gleam/docs/GLEAM_2.0_Model_description.pdf
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Figure 1. Schematic representation of GLEAM-i, showing the main modules, input data and calculation flows.

1.4. SOURCES OF EMISSIONS

GLEAM-i covers the emissions from the three major GHGs associated with animal food chains: methane (CHa),

nitrous oxide (N20) and carbon dioxide (COz). Table 1 presents the emissions sources included in GLEAM-i.

Note that, in contrast with GLEAM, ‘Postfarm’ emissions (that is, CO2 emissions from the postfarm processing and
transport of livestock products) is not included in GLEAM-i. The reason to exclude them is that data needed to
estimate those emissions is rarely available at country level, making the estimation highly uncertain below a regional
or sub-continental scope.



TABLE 1. Emission sources covered in GLEAM-i

Source of emissions Description

FEED: applied and N,O emissions from the conversion of nitrogenous compounds present in animal excreta:
production deposited manure can be deposited in the fields by grazing and scavenging animals or applied to feed crop
(N20) manure fields as organic fertilizer. It includes direct emissions (conversions of nitrogen into N,0 through

a combination of nitrification and denitrification processes) and indirect emissions (nitrogen is
lost in forms of ammonia and NOy).
fertilizer and N,O emissions from the conversion of nitrogenous compounds present in synthetic nitrogenous
crop residues fertilizers applied to feed crops and from the decomposition of crop residues. It includes direct
emissions (conversions of nitrogen into N,O through a combination of nitrification and
denitrification processes) and indirect emissions (nitrogen is lost in forms of ammonia and NO,).

FEED: production CO, emissions arising from the production, transport and processing of feed. This includes
production emissions from fossil fuels use in fertilizer and pesticides manufacture, field operations and feed
(CO,) manufacture in feed mills.
FEED: land- soybean CO; emissions due to the expansion of soybean cultivation into natural areas. Emissions are
use change cultivation related to changes in carbon stored in biomass, dead organic matter and soils.
(CO,) palm kernel CO, emissions due to the expansion of palm oil plantations into natural areas. Emissions are
cake related to changes in carbon stored in biomass, dead organic matter and soils.
pasture CO; emissions due to the expansion of pastures into natural areas. Emissions are related to
expansion changes in carbon stored in biomass, dead organic matter and soils.
FEED: methane (CH,) CH; emissions from the cultivation of rice used as feed. Emissions are related to anaerobic
decomposition of organic matter in flooded rice fields.
ENTERIC (CH,) CH, emissions from enteric fermentation of ruminant species and pigs. During the digestive

process, microbial fermentation breaks down part of the carbohydrates in the diet, generating
methane as a by-product. In general, fibrous materials cause higher enteric emissions.
MANURE MANAGEMENT (CH,) CH, emissions from the anaerobic decomposition of organic material present in animal excreta.
This is most common when urine and dung are stored and treated in liquid-based systems.
MANURE MANAGEMENT (N,0) N,O emissions from the conversion of nitrogenous compounds present in animal excreta. It
includes direct emissions (conversions of nitrogen into N,O through a combination of nitrification
and denitrification processes) and indirect emissions (nitrogen is lost in forms of ammonia and

NO,).

ENERGY USE: direct (CO;) CO; emissions from the on-site use of energy for animal production. This includes heating,
ventilation, refrigerations, machinery, etc.

ENERGY USE: indirect (CO,) CO; emissions from the energy used on the construction of facilities (animal housing) and
equipment.

Source: Authors.

1.5. TARGETED USERS

GLEAM-i users are national and international project planners in governments, producers and civil society

organizations with the aim of understanding GHG emissions from the sector and reducing its contribution to climate
change. Users of GLEAM-i should be those involved in GHG inventories and in the design, discussion or
implementation of mitigation projects at national or subnational scale.



2. GLEAM-i IN DETAIL

2.1. GENERAL ASPECTS
2.2.1 Navigating through GLEAM-i

At the top of each page, users will find the navigation bar, shown in Figure 2. It facilitates the navigation between
the different pages either using the Previous and Next arrows or by clicking directly on the desired module. Also, a

reminder of the selected country is present at the top right corner.

Food and Agriculture Organization
of the United Nations

/i d
1 5
GLEAM-i
Ver. 2.0 Rev. 3 HERD FEED m
February 2017 2

3

Figure 2. GLEAM-i navigation bar. Current module (1), species (2) and herd (3) are highlighted in green. Selected country is
shown in the top corner (4).
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2.2.2 GLEAM-i pages structure and color code

Throughout the tool, Default, Baseline and Scenario cells are color coded to facilitate their identification (Figure 3-
1). Default values (light blue) are based on the selected country and are average country data from the GLEAM
database. Those values cannot be modified. Baseline (dark blue) and Scenario (green) cells indicate where the user
can introduce, delete or modify data. If no changes are made, both Baseline and Scenario conditions are simulated
using the aforementioned Default values.

A short explanation on each page and a reminder on how to fill in the data are located below the navigation bar
(Figure 3-2). Cells to insert values and/or parameters, are always identified (Figure 3-3, Animal numbers section in
this case). Depending on the module, there are some special cells for clarification. For instance, changes of animal
numbers due to modified starting animals or parameters are shown in the special cells shown in Figure 3-4.

Food and Agriculture Organization

I vt SEE
GLEAM-i

Ver. 2.0 Rev. Baseline

February 20

Fig. 3-1. Detail of color codes.

HERD MODULE - CATTLE

INSTRUCTIONS PRODUCTION SYSTE:vI DEFINITIONS 1,419,418 |:

This module simulates the structure and dynamics of the herd. :
BOX 1 contains the data on total and reproductive animals. In Box Gmssl{:nd !’"’M"’ stems - - 1,419,418 :
e e, st st e Systems in which -are than 10 percent of animal feed is produced in the farm and the : g
the herd. average stockug rate is less than 10 livestock units (LSU) per hectare of agricultural e e T .
b land. Fig. 3-4. Detail of special cells.
Default values for all the variables are based on the selected —
country. Users can modlify and set new values n the Baseline and || \fixed farming systems
Scenario cells, as shown on the ™AL - peryyt ST ||| systems in which more than 10 percent of animal feed comes from c-up by-products
If no changes are made, Bas¢ 1 - = ||| or more than 10 percent of the production value is of non-liveste_« activities.
and Scenario use Default valt. Baseline

the simulation. — a2
SCEnario) Source: Seré & Steinfeld, World livestoc? production systems, FAC, 1996 |

EG =ENE B
N

= gox 1 | ANIMAL NUMBERS
e ——————
i 4
Total animal numbers 1,187,120] 381,980 4,097,131 1,376,302
Total animal numbers (calves, young and adult) calculated from the 1,419,41 476,808 5,493,401 1,845,334
reproductive adults below and the herd from Box 2.
1,415,415] 476,808 5,493,401 1,845,334
Adult reproductive females 524,583 176,217 2,085,504 700,895

Number of adult reproductive females in the herd. Unit: heads _ _ _ _
524,583 176,217 2,086,504 700,895

Adult reproductive males 5,246 1,762 83,460 28,036
Number of adult reproductive males in the herd. Unic heads _ _ _ _
5,246 1,762 83,460 28,036

EE |88 B |88 I8 R 65

Figure 3. Page structure and color code example. Color code (1), instructions (2) and area for data insertion (3) are shown. In some
pages, special cells are also used (4).



2.2.3 Livestock production systems and herd types

GLEAM-i distinguishes between three production systems for cattle (grassland based, mixed farming systems and
feedlots), two for buffaloes, sheep and goats (grassland based and mixed farming systems), three for pigs (backyard,
intermediate and industrial) and three for chicken (backyard, layers and broilers). In addition, ruminant species are
split into dairy and non-dairy herds. Tables 2 to 4 summarize the characteristics of each production system.

TABLE 2. Summary of ruminant production systems

Grassland Livestock production systems in which more than 10 percent of the dry matter fed to animals is farm-produced

based systems | and in which annual average stocking rates are less than ten livestock units per hectare of agricultural land.

Mixed Livestock production systems in which more than 10 percent of the dry matter fed to animals comes from crop

systems by-products and/or stubble or more than 10 percent of the value of production comes from non-livestock farming
activities.

Feedlots Specialized, fully market-oriented operations where animals are fed with a specialized diet that is intended to

stimulate weight gain. This period typically lasts for six to nine months, depending on the starting and targeted
live weight. Diets are generally composed of highly energetic and protein-rich feedstuffs, such as corn and cakes,
respectively.

Source: Authors.

TABLE 3. Summary of pig production systems

System Housing Characteristics

Backyard Partially enclosed: no concrete floor, or if Mainly subsistence driven or for local markets; level of capital inputs
any pavement is present, made with local reduced to the minimum; herd performance lower than commercial
material. Roof and support made of local systems; feed contains maximum 20 percent of purchased non-local
materials (e.g. mud bricks, thatch or feed; high shares of swill, scavenging and locally-sourced feeds.
timber).

Intermediate | Partially enclosed: no walls (or made of a Fully market-oriented; medium capital input requirements; reduced
local material if present), solid concrete level of overall herd performance (compared with industrial); locally-
floor, steel roof and support. sourced feed materials constitute 30 to 50 percent of the ration.

Industrial Fully enclosed: slatted concrete floor, Fully market-oriented; high capital input requirements (including
steel roof and support, brick, concrete, infrastructure, buildings, equipment); high level of overall herd
steel or wood walls. performance; purchased non-local feed in diet or on-farm intensively

produced feed.

Source: Authors.

TABLE 4. Summary of chicken production systems

System Housing Characteristics

Backyard | Simple housing using local wood, bamboo, clay, Animals producing meat and eggs for the owner and local market,
leaf material and handmade construction living freely. A significant part of the diet consists of swill and
resources for supports plus scarp wire netting scavenging, while locally-produced feed constitutes the rest.
walls and scrap iron for roof.

Layers Layers housed in a variety of cage, barn and free- Fully market-oriented; high capital input requirements; high level
range systems, with automatic feed and water of overall flock productivity; purchased non-local feed or on-farm
provision. intensively produced feed.

Broilers Broilers assumed to be primarily loosely housed Fully market-oriented; high capital input requirements; high level
on litter, with automatic feed and water of overall flock productivity; purchased non-local feed or on-farm
provision. intensively produced feed.

Source: Authors.
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2.2. START PAGE

After downloading GLEAM-i from the website, users will first encounter the Start page:

country is selected.

Welcome to GLEAM-i message from the team.

GLEAM-i basics, essential information on GLEAM-i structure and navigation.

Begin the simulation by clicking the Start the simulation button.

Disclaimer regarding the use of GLEAM-I.

Name for the simulation. Note that it cannot contain any of the following characters: \ /: * ? <> |

Selection of region and country. It will load Default values for all variables involved in the model once the

Users can find guidance on how to provide feedback about the tool in the Providing feedback box.

a2 W oo

GLEAM-i

GLOBAL LIVESTOCK ENVIRONMENTAL ASSESSMENT MODEL - i nteractive

WELCOME TO GLEAM-i

We are glad to present GLEAM-/, a robust, user-friendly
simulation tool for the environmental assessment of the
livestock sector. GLEAM- Is based on the Globat
Livestock Environmental Assessment Model (GLEAM)
Version 2. It Inchudes Its default parameters and most
Important features, such as LCA methodology and IPCC
Tier 2 algorithms for herd dynamics and enteric
fermentation, for instance, For more information on the
GLEAM model, visit the website here,

GLEAM-i BASICS

GLEAM-{ 15 structured in three modules that represent the main stagos of Iivestock
production. The HERD, FEED and MANURE modules simulate the herd dynamics, the feed
fation and the manure management systems, respectively.

Uyers can navigate between the different modules by clicking directly in the intended
module buttan or by using the NEXT and PREVIOUS orange arrows. Active pages are siways

highlighted in green, as depicted in the
T

PROVIDING FEEDBACK
Although intensive efforts have been made to collect
and use the best available data, the GLEAM team kindly

Iincluded at the contact emall provided in the website.

, I [Type the simulation name]
Y .

EER N | (it region] |
\—/—/

(5173 [t 3 |

START THE SIMULATION 3 e

DISCLAIMER

The designations employed and the presentation of material i this information product do
ot imply the expression of any opinion whatsoever on the part of the Food and Agriculture
Organization of the United Nations (FAO) concerning the legal or development status of any
‘country, territory, city or area o of its authorities, or concerning the delimitations of its
frontiers or boundaties.

FAO declines all responsability for errors or deficiencies in the product of the documentation
accompanying t. FAO also declines any responsability for updating the data and assumes no
responsability for errors and omisions in the data provided. Users are, however, kindly asked
to report any etrors of deficincies in this product to FAC.

EEAESSEUB B Y BE SY BN R BEE N SEEBESEGE D5 S50 e vou

Figure 4. Screen capture of the Start page with all of its parts highlighted.
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2.3. MODULES DESCRIPTION: HERD MODULE

The Herd module simulates the size and dynamics of the herd based on animal numbers and several parameters,

such as fertility or mortality rates. This module impacts directly production and emissions, as it constitutes the basis
for the simulation.

Summarized instructions for the page and a description of the production systems are found at the top section of
the page (Figure 5-1). The second section, Animal numbers, (Figure 5-2) contains the cells to insert or modify
numbers of reproductive animal, differentiated by production system and herd type. The third section, Herd
parameters (Figure 5-3), contains the list and a brief description of the variables determining the dynamics of the
herd. For a full description of the parameters, please refer to tables Al to A5 in the annex. Any changes either in
animal numbers or herd parameters are immediately reflected in the Total animal numbers cells (Figure 5-4).

Total animal numbers 1,137,120
INSTRUCTIONS PRODUCTION SYSTEM DEFINITIONS Total animal numbers (calves, young and sdult calculated from the

TR

1,419,418
Nmmr"‘““"“mmmr& Grassland based systems reproductive adults below and the herd parameters from Box 2.
0
ety o e mareaton ot ottt o et of || S5tems n whch more than 1 percent o il fo 1 raduced i the o and the 1,419,418

-wmmnmmmmm(uu)wmdw EEsEsEEsEEEEEEEEEEEEEEEEEEEEEEEREEnE s FEEETRANEATTT

Defoult values for all the variables are based on the selected Fig. 5-4. Detail of total animal numbers cells.

country. Users can modify and set new values in the Baseline and M"’N
5 mmmmmomwplmdmmlmmmmpham
Baseline « or more than 10 percent of the production value Is of non-livestock act. dses.
the simulation,

Sovltt Seré & Steinfeld, World livestock produ- son systems, fM) 1"96

' Aduit reproductive females 524,583 |1
e — ——— H

Number of adult repreductive females in the herd. Unit: heads

H
H
-

Fig. 5-2. Detail of reproductive animal numbers
cells.

Adult reproductive males

Number of sdult reprosuctive males in the herd. Unir- heads

wE 8 @ ,szug BB NGRS &8 |SwkE

Age at first calving

Average age at which reproductive females have the first calf. Unit-
months

8% & 4= Hm Y

Figure 5. Herd module page example.
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2.4. MODULES DESCRIPTION: FEED MODULE

Animal diets can be modified in the Feed module, directly impacting the emissions related to feed production and

enteric fermentation. N20 emissions from manure are also affected through the nitrogen content of the ration.

RUMINANT SPECIES PAGES

Ruminant diets are defined for each combination of species, production systems, herd and feeding groups (Figure
6a and Figure 6b). Summarized instructions for the page are found under the main label (Figure 6-1). A second
section provides a Summary ration by main feed category (Figure 6-2). The share of each feedstuff can be modified
in the Detailed ration section (Figure 6-3). For a full description of feed materials for ruminant species, please refer
to Table A5. When modifying the ration, users can easily check that the new shares add up to 100% within the Ration
percentages overview section (Figure 6-4).

- )
2 [ > e SIEONDD e > ome ||

{ PREV.ouS | [ camne | [ purrazoes | [“sures ) f | mes ][ cHicken || NEXT > _ DAIRY | [SEEEG LEEDCOT]

‘i DAIRY | [ BEEF |[ FEEDLOT | '. a9
e Fig. 6a. Species and herd type
, RATION PERCENTAGES OVERVIEW I=
a T | —| E—T Grassland based systems :
1 GRASSLAND SYSTEMS -
8 Scenario ration (%) 100.0 1000 | | 100.0 .
9 WasssssssssssssssRsEsssRsEsEas N H
2 MIXED SYSTEMS fm”ﬁem:':c"::j ::’: ‘[ \:ﬂ“ :::: R Sl B —
2 cenario ration . ] . ) ) .
= 5 Fig. 6b. Detail of production system and feeding
i groups
s Baselineration ()| 1000;
INSTRUCTIONS B e H
= The feed module shows the share of individual feedstuffs in the diet. Information Is organized into three sections. An overview of rati- 1's total percentage can L] Scenario ration (%) E
2| be found at the top of the page, helping users to adjust to 100% when changes are made to the diet. Box 1 shows a Summary ratier,, organized by main feed L L]
categories (roughages, grains and agro-industrial by-products)., The list of individual feed s is displayed in Box 2, Deto ad ration section. Here, . P
= Users cam oy the s shar o sach et efecvely changig he digstoiy, enereyand rfrogen conten of - Fig. 6-4. Detail of total percentage.
2 the ration. Note that ‘Grassland and 'Mixed' systems are located in Boxes 1a & 2a and 1b & 2b, respectively. L . . . .
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Figure 6. Feed module example page for ruminant species.
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EMISSIONS FROM PASTURE EXPANSION

This page presents the data on emissions arising from the expansion of pastures used for grazing into natural areas.
Following GLEAM, this calculation applies exclusively to specialized beef cattle in grazing systems in the following
countries of Latin America and the Caribbean: Brazil, Chile, Nicaragua, Honduras, Ecuador, Panama, El Salvador and
Belize. For further details on background data and the methodology, please refer to GLEAM model description.

Users can access the page through a dedicated button in the ‘Beef cattle — Grazing systems’ (Figure 7).

. FEED MODULE - BEEF CATTLE

2 INSTRUCTIONS
The feed module shows the share of individual feedstuffs in the diet. Information is organized into three sections. An overview of ration’s total percentage can
E be found at the top of the page, helping users to adjust to 100% when changes are made to the diet. Bax 1 shows a Summary ration, organized by main feed
categories {roughages, grains and agro-industrial by-products). The st of indnvidual feed components i displayed in Box 2, Detallied ration section. Here,
users can modify the indivicual share of each feedstuff, effectively changing the digestibillty, energy and nitragen content of
the ration. Note that ‘Grassland and ‘Mixed' systems are located in Baves 1 & 2a and 1b & 2, respectively, p 1
Defauit values for all the variables are shown based on the targeted country. Uursunmuﬁvlnds!(mvdnsnﬂle
asefine and scenario cells, as shown on the right. If no changes are made, Baseiine and Scenario use Defau't values for the

simulation.

. l ﬂ Grassland based systems
. | EE =rm

Figure 7. Dedicated button in the Beef cattle Feed page to open the Pasture expansion page.

Summarized instructions can be found at the top of the page (Figure 8-1), alongside the result of the calculation
(Figure 8-2). Emissions are calculated using the IPCC Stock-Difference method, which measures carbon stocks at two
points in time to assess carbon changes. Users can modify the length of the period (Figure 8-3) and the area of
expansion (Figure 8-4). Biomass figures depending on the country selection are given for reference (Figure 8-5).

Modifications of Default conditions regarding pasture expansion should be done with additional care, and it is not
recommended to change the given values unless users have a high degree of confidence in the new data.

NSTRUCTIONS

This page shows the data neeed to estimate emissions from land-use change due to pasture
expansion inta natural areas. Thase emissions are allocated to beef cattie from grassland systems,
assuming that the new pasture areas are devoted to grazing.

Default values presented here correspond to GLEAM values using 2010 data. Users can modify
those values for both Bosefine and Scenario canditions by adjusting the time period or the
expanded pasture area. The estimation of emissions is based on IPCC guidelines and uses IPCC Tier E
1 default carbon stock values for biomass. Note: LUC pasture expansion is not applicable or H
available for all countries (Oefault data is shown as 0 in those cases). 295,346,920,000 le‘O,|-
B S e i n s s e s sa s eaaanssaaannsaaa s aanasseaaasssaaasssaaaaazaat
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Figure 8. Pasture expansion page.
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MONOGASTRIC SPECIES PAGES

Feed rations for monogastric species are defined for each combination of species and production system (Figure 9a
and Figure 9b). Similarly to ruminant pages, summarized instructions for the page are found under the main label
(Figure 9-1). Summary ration section provides the aggregated share of each main feed category (Figure 9-2). The
share of each feedstuff can be modified in the Detailed ration section (Figure 9-3). Table A6 provides the full
description of feed materials for monogastric species. Ration percentages overview section allows for an easy check
that new shares add up to 100% when modifying the ration (Figure 9-4).
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[ carne || purratoes || sueep HEAI‘) piGs

BATION PERCENTAGES OVERVIEW / Fig. 9b. Detail of production system.
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Scenario ration (%)

TOTAL PERCENTAGEY
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FEED MODULE - PIGS Scenarr’omtion(%”:H

RBRE B 5 5 S & GEIBIBICs o i

INSTRUCTIONS Fig. 9-4. Detail of total percentage.
The feed module shows the share of indiidual feedstuffs in the diet. Information Is organized into three sections. An overview of rat' an's total percentage can . . . .
e found at the top of the page, helping users ta adjust to 100% when changes are made to the diet. Bax 1 shows a Summeary rat 4, organized by main feed Cells are highlighted in green if shares
categories (swill & roughages, grains & food crops, industrial by-products and additives). The list of individual feed componats is displayed In Box 2, .
m:lum section, Here, :sﬂsun mmmmmlsnmamammmﬂemm changing the digestibility, add up to 100 and red If they do not. /f
energy and nitrogen content of the ration. = p 1 h imal h icul
Defoult values for all the variables are shawn based on the targeted country. Users can modify and set new values in the there are no anima SfOf that particular
:mdmg and Scenario cells, as shown on the right. If no changes are made, Bosefine and Scenario use Default values fo, the species/system, Ce”S are hlghllghted in
yellow.
. m SUMMARY RA Pig production systems
2
. [ MODIEY the RaTiON | Swill & Roughages :
-~ asssmssssssssnsnnnnnnnnnnnnnnn Household Drgam(was(eannlibmusmaterlalsusenasfeen_:
» = Swill & Roughages - E - ‘ - Unit: percentage aver DM intake: E
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| ] § oo o e —T) 1
-,’5 E — . Ll Agro-indutrial by-products E
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Figure 9. Feed module example page for monogastric species.
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2.5. MODULES DESCRIPTION: MANURE MODULE

The Manure module contains the information on the storage and handling of urine and dung (collectively referred

to as manure). This module impacts directly the CHs and N20 emissions from manure and, indirectly, the emissions
related to feed through the use of manure as fertilizer. The manure management systems (MMS) used in this module
are taken from the 2006 IPCC guidelines. The full description of all MMS used in GLEAM-i can be found in Table A7.

The page displays the share of each MMS for each species, production system and, in the case of ruminants, for each
type of herd (Figure 10a and Figure 10b). Summarized instructions about the page can be found under the main title
(Figure 10-1). The share of each MMS can be modified in the MMS percentages section (Figure 10-2). To keep track

of total percentages when modifying any value, the Manure systems overview section provides a quick way to ensure
new values add up to 100% (Figure 10-3).

SULTS
Fig. 10a. Detail of species.

((Non-reeoor | (FeEowor)

-
DAIRY BEEF

MANURE SYSTEMS OVERVIEW :
o ManRESYSTEMS OVERVIEW DAIRY | BEEF | :
Baseline conditions (%) 10001 1000] | 1000] [ 1000 Fig. 10b. Detail of production systems and herd
TOTAL PERCENTAGE
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=<

INSTRUCTIONS Baseline conditions (%) _

The manure module contains the information on how manure is stored and handled. Manure management systems are taken from £CC guidelines. For a
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Figure 10. Manure module page example.
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2.6. RESULTS PAGES

GLEAM-i provides the results of the simulation in two complementary formats. First, a dedicated Results page
contains a series of graphs and figures where Baseline and Scenario conditions are displayed side by side to facilitate
a visual and fast comparison between them. Second, a series of tables with more detailed results by species and

production systems are available for easy numeric comparisons.

At the top of the Results page, users will find the usual navigation bar with a direct access to every module (Figure
11-1). In addition, summary results and detailed tables for each species can be accessed by clicking in their
corresponding buttons (Figure 11-2). Additionally, users can save a copy of all the numeric tables in a separate file
using the Export results button (Figure 11-3). Macros must be enabled to use this feature.

Couniry selected

Food and Agriculture Organization
Canada

of the United Nations
GLEF 1

Ver. 2.0 hev. 3
February 2017

EXPORT RESULTS

(requires enabled macros)

2

Figure 11. Navigation bar in the Results page.

2.7.1 Graphs — Animal production

Estimates on animal production are shown in this section. Graphs include meat production in carcass weight (Figure
12-1), milk production as fresh, raw milk (Figure 12-2) and egg production in shell weight (Figure 12-3). Baseline and
Scenario conditions are represented by blue and green bars, respectively. For Scenario conditions, a label with the
percentage of change respect to the Baseline is also shown to facilitate the comparison (Figure 12-4).

4 N O P Q R S
Counuy selected

0) Food and Agriculture Organization
of the United Nations

s [start > > Fees > wAure JNRESUIS

DETAILED SUMMARY RUMINANT EXPORT RESULTS
RESULTS DATA SPECIES [T T ——

Canada

SUMMARY RESULTS

ANIMAL PRODUCTION

Meat - carcass weight B Baseline Eggs - shell mBaseline

thousand tonnes O Scenario thousond tonnes [Scenario
= ’ ’ [aom]

1,400 [o0%]

R e e

==

=

Cattle Buffaices Sheep Goats  Pigs Chickens

P [ [ [t o [ [ [ [
SRR R[5 =]

HIM

Figure 12. ‘Animal production’ graphs, including meat, milk and eggs production.
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2.7.2 Graphs - Total GHG emissions

This section contains the estimates on GHG emissions. First, sector’s total emissions are shown, both numerically
and graphically (Figure 13-1). A second graph shows the share of each gas (CO2, CHs and N20) in the aggregated
emissions’ tally (Figure 13-2). The third graphs shows, for each species, the contribution of each emission source
aggregated into four main categories: feed, enteric, manure and energy use. (Figure 13-3). The labels in Scenario

conditions (Figure 13-4) refer to the change of each species’ total emissions.

Figure 13. ‘Greenhouse gas emissions’ graphs, including sector’s total emissions, share by gas and total emissions and main

sources by species.

2.7.3 Graphs - Source of emissions

The shares and a brief description of all twelve sources included in GLEAM-i are given here, both in the form a
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stacked bar graph (Figure 14-1) as well as numeric percentages (Figure 14-2).

SOURCE OF EMISSIONS

. 1 FEED: Fertilizer & crop residues, N;O
s il ication an

. 2 FEED: Applied & deposited manure, N0
d crop o Pep——

residues decomposition.

[ | 4 FEED:LUC soybean, CO,
Emissions from the expansion of soybean for

animal deposition.
[ | 5 FEED: LUC palm kernel cake, CO;
ion of

. 3 FEED, €Oy
Emissions from feed production, processing
and transpart of feed.

[ ] & FEED: LUC pasture expansion, CO;

feed into natural areas. i | feed.
[ 7 FEED:Rice, CH,y [l 3 ENTERIC FERMENTATION, CH,

ruminant species and swine.
[7] 11 ENERGY USE: Direct energy, €O,
the use of energy on
production site (ventilatian, heating...)

] 10 MANURE MANAGEMENT, N,O

. 9 MANURE MANAGEMENT, CHy
Emissions from manure management and
storage.

|| 12 ENERGY USE: Embedded energy, CO»
Emissions from the use of energy on the
‘construction of facilities and eguipment.

IR28ERIRRRBRBIIIAARINIILAIERER S

Figure 14. ‘Source of emissions’ graphs, were detailed sources for total emissions are shown.
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2.7.4 Graphs results - GLEAM-i and IPCC Tier 1

The graphs in this section compare the estimated emissions arising from GLEAM-i (Tier 2), and those arising from
IPCC Tier 1 approach. The comparison includes the three sources of emissions from livestock covered in the IPCC
Guidelines (Volume 4, Chapter 10): enteric fermentation and methane and nitrous oxide from manure management.
The graph includes the total of the three for additional reference. Users can find one graph for Baseline (Figure 15-
1) and Scenario conditions (Figure 15-2).

GLEAM-i and IPCCTIER 1

Emissions by source - SCENARIO conditions
Gigograms of CO,-eq
35,000 2.4%

Emissions by source - BASELINE conditions
Gigagrams of CO,-eq
35,000 Z4%

CIPCC Tier 1
CIGLEAM-i

EIPCC Tier 1
B GLEAM-i

30,000

30,000

25,000

25,000

20,000

20,000
15,000

15,000

10,000 10000

5,000 5,000

%

CH, from manure N0 from manure

CH, from manure N0 from manure  Fig, 8b Total emissions  Enteric CH

Fig. 8a Total emissions  Enteric CH.

Figure 15. ‘GLEAM-i and IPCC TIER 1’ graphs, showing the comparison between Tier 1 and GLEAM-i estimations of enteric
fermentation and manure related emissions.

2.7.5 Graphs results - Emission intensities

Emissions related to the production of a given commodity are shown here (Figure 16-1). In order to compare the
environmental performance among different products, meat milk and eggs quantities are converted into edible
protein and production is divided by the emissions associated with their production. Regional average values from
GLEAM are also provided for reference purposes (Figure 16-2).
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Figure 16. ‘Emission intensities’ graph, where Baseline and Scenario emission intensities are compared. Regional average values
from GLEAM are also provided for reference.
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2.7.6 Detailed results - Summary data

The spreadsheet below summarizes the numeric results for Baseline and Scenario conditions, alongside the
percentage of change for each variable. Aggregated values are found at the top of the page (Figure 17), while species
specific data on emissions, production, feed intake and emission intensities are found at the second part of the page

(Figure 18).

Aggregated emissions are organized into four blocks: total emissions by gas (Figure 17-1), total emissions by species

(Figure 17-2), total emissions by source (Figure 17-3) and GLEAM-i vs IPCC Tier 1 emissions (Figure 17-4).
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Figure 17. Aggregated summary data.

Summary data for each species is organized into six blocks, one for each animal category: cattle (Figure 18-1),
buffaloes (Figure 18-2), sheep (Figure 18-3), goats (Figure 18-4), pigs (Figure 18-5) and chickens (Figure 18-6). The
results include total emissions, emissions by source, animal commodities production, feed intake and emission

intensities. For a complete list and description of the variables, please refer to Table A9 in the Annex.
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4BAmeatproduction n proteinamaunt Hemsen  awmzsen 0.0 Maest production inprotein amount ke proreinpear
A7tk production infrazh, whole weight kgmilkjyesr  5,986,070080  5,986,070,020 0.0% "ilk production n frazh, whole weight g milkyear
48 Itttk production in protain amount kgprotsinfiear 197,540,313 187,540313 0,058 SMilk production n protsin amount kg proteinfyear
40 Jemission intansity of milk kg C02-sq/kgprotsin 211 211 0.0%% Memizsion intansity of milk 4 CO2-2q/kg protein
S0MEmission incensity of meat kg C02-2q/kg protein 1212 1212 0.0%g BEmission intensity of meat ke CO2-aq/ks protei
51 Hotal fasd intake kgDMjyesr  31,842,252,893  31,842,202,893 0.0%8 STotalfead intake kgDMjyesr 332,158,578
52 {ocalfeed intake -Roughages 26282005701 24282185711 0,098 LTotal feed intake - oughages 187,358,447
53 #Total feed intake -Grains KeDMjyear  5,840,894101  5,840,894,101 0,07 WTotal feed intake - Grains kg OMjyear 52,420,661
Rl N R R WA R AT RO S ROV RO o PV PRV nn e PR n e
SHEEP GOATS
Varisble Unic Bazslinevalve _Scenzriovalue  Percentagefchs Varisbls Ueit Bsslinevalue _Scensriovalus _ Percentage of change &
GHG amissions WECOTemjyesr 343,565,883 343,564,803 1GRG amizsions FEET 10,375,572 10,375,572
fotal CO2 amissions £0,223,996 £0,223,996 0.0% WTotal €02 emissions kg Co2 2,002,220 2,002,220
otalCHa amissions Tersseze | masenzes 008 St it smissions o2 se20760 semser
61 f1ccai 20 emissions 100374588 100374584 0.05% STozal N20 emissians. kg coz 3208133 3208133
62 #Fecd: N20rom fercilization and crop residues 35,728,742 35,728,742 3 "Fead: N20 from fertilization and crop residues kg coz 1,158,408 1,158,408
63¥reed:N20 from manure application and deposision 57,508,750 57,508,750 N20 from manure aplication and depasition kg Co2-eg/year 1863816 1863816
64 {recd: c02 from feed production, transport and processing keCO2-eayear 51,055,505 51,055,505 02 fromfeed prod 165,438 165,438
related 182,115 182,115 €02 fromland use change 5,505 5,505
66 #reco:co2 rom Iand use change related to paim oilplaniations. keCo2-eajyear - - €02 fromland use change related to palm ol plantations kg Co2-eqyear
67 Jresd:co2rom relatsd - - €02 from1and use change relatad to pasture expansion kg CO2-eqyear . .
88 4resa: crafrom ice cultivation k& CO2-sqjyear - - CHé from rice cultivation kg CO2-2qyear . .
69 $enceric: CHs from entaric fermantation 17759155 17739159 0.0% SEncaric: CHé from entaric fermantation kg CO2-2qyear 5,485,248 5,485,248
70%tanurs: CHé from manurs management 5,974,566 5,974,566 0.05%s SManure: CHé rom manure management kg CO2-2qyear 183517 183517
71 JManure: N20 from manure management. 7,137,092 7,137,092 0,088 IManure: N2G from manure mansgement. ke CO2-2qfvear 225910 225910
72 §enargy:CO2 from diract enery usa 6303263 6303263 kg CO2-eqyear 257552 257552
73 enargy: €2 from indirect enerzy usa 2675012 2675012 0.05%, SEnarey: CO2 from indirect enargy usa kg CO2-eqyear 52,276 52,276
74 Imeat production in carcass weight 10,581,603 10,581,603 0,08 Meat production in carcass weight keCWyear 432,543 32563
75 Itdsst production in protein smeunt 1,881,088 1,881,088 Seat preduction in protein smaunt ke protainfyesr sg130 sg130
76 4tk producticn in razh, whels weight - - Sl production infresh, whole weight g milkyzar - B
TTEMilk production in protein amount. keprotein/year - - 005w SMilk production in pratein amount kgproteinjyear - -
78 Jemission intsnsity of milk kg CO-2q/kg protsin - - 0.0 SEmizzion intanzity ofmilk g CO-2q/kgprotsin - -
79 demission intansity of mest kg C02-q/k protsin 2158 158 SEmizsionintensity ofmest kg C02-=q/kgprotsin
80 ot fsedintake kgDMjyesr 274,365,695 0,033 *Totalfasd intske fyesr
81 Totalfeedintake- Roughage: KgDMjyesr 226804393 Fotal fesd ints ke -Roughages kg DMjyear
DM jyear ~Grainz kDM jyear
PR T P T T A S = m—
PIGS CHICKEN L)
Variable Unic Bacelinevale _Scenariovalue _Percencage ofcha Varizble Uit Parcentage of change y
1GHG amission: wecoa= 7,954,690,920 | 7,994,690,920 1 GRG amizsions W& Co2salyear o
otal CO2 amissions kgco2 383,089,036 3,183,088,036 0,058 Total CO2 emissions kg CO2-zq/year oo
89 #Total CHA emissions kgCo2 3,778,427995  3,778,427,995 .05 aTotal CH4 emissions kgC02-eq/year 00
90 %1otal N20 emissians. kgCo2 1,023,203,239  1,033,203,389 0,05 #Total N20 emissions. kgCO2-eqfyear 00%
91 gFeed: N20 from fertlization and crop residues. kg O 444,254,118 444,254,118 0.0%8 §Feed: N20from fertilization and crop residues kgCO2-eq/year
82 4Faed: N20 from manure application and dposition ksco2 38,520,800 38,520,800 0,058 1 Faed: N2O from manurs spplication and dsposition kg CO2-eq/year
93 ¥Feed: CO2 from feed producsion, ranspar and processing keCO2eqlyear 2553804350 2,653,344350 0,033 ¥Feed: COZ fromeed prod ; 1317774773
94 ¥reea: oz from related ) 50,108,620 50,108,620 Cozfrom land use ; 136,288,353
95 4Faed; CO2 from land use chanse related to pzIm il planiatiens ko2 eq/year - - Cozfrom land use ; -
96 3Feed: CO2 from land use chenge related to pasture expansion kec02-eqyear - - Cozfrom land use ; - -
7 reed: oHe trom rice cultivation kecO2eqiyear 1530034000 1530,034,000 G from rice cultivarion K002 <q/year - -
98 Jenteric: GHé from enceric fermantation kecO2eqiyear 431804377 431804377 0.0% Enteric: CHé from enteric fermantation K002 <q/year - -
99 ntanurs: CHé from manurs managament 16,569619 1816, Hafrom KgCO2eq/yesr 203852367 20,852,367
100%ranure: N20 from manure mansgement keCO2-eq/year 550,408,371 550,408,371 0.0%] #Manure: N20 from manure mansgement kg Co2-ea/yesr 394,371,374 394,371,374
1013 Enerey: 02 from direct enerey use kg CO2 312,396,589 312,396,589 0.0%g S Energy: CO2 from direct energy use kgCO2-eq/year 525,601,311 525,601,311
1028nerzy: €02 fromindirect energy use kgco2. 166,609,477 166,609,477 0.0%R gEnergy:CO2 from indiract enargy usa \eCOzeqiyesr 133,657,341 133657341
1038ttzat productionin carcass weight xeCWijye - - 0.0%¢% Bbeat production in carcass weight KECWjyear | 54351455 543,814,655
104 Meat production in protein amount. kgproteinjyear 284,844,985 234,844,385 0,055 #*Meat production in protein amount ke proteinjyear, 67,445,417 7,445,417
1053Emission intensityof meat kgC02-2a/kgprotein 221 281 0.0% §Eaz=production in weight sessjyesr 1353574484 1353574484
1068Toral fsad intaie 93073795 930,737,959 0058 €z preduction i prtsin amount kgproteinfyesr  192,884364 192,384,364
107%Total fsad intaks -Swill 2 Roughagss - - 0,058 BEmission intensicy of eggs ¥gC02 -eq/kg protein 12 12
108]Total feed intake -Grains & Food craps 755,116,308 759,116,305 00563 SEmission intensity of mest kg CO2-2q/kg protein 108
1004 Total feed intake - Agre-industrial by-praducts 15766058 157,660,584 0.0%8 4 Total fesdintake kgDMjyesr  £330,083,888 330,093,889
04Tor 961,069 13,961,065 0.0%% Total fasd intake -Suill & Roughages kg DMjyear - -
L R N N Y a o faad intake -Grains & Food crops KgDMjyesr 4426362568 4,424362,568
I Tots! fasd intake - Agro-industrial by-products kg DMjyer

Figure 18. Summary data by species.
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2.7.7 Detailed results - Ruminant species

Detailed, disaggregated data for ruminant species are displayed in this page (Figure 19). Users can filter the results

by species, production system, herd type and variable (Figure 19-1). The page presents results on total emissions,

emission sources, production, animal numbers, feed intake and emission intensities. Table A9 contains the full list

and description of all the variables.

5 |Species system Variable F

A B C D F G H

1 recion [Noreh |

2 o Conads |

3 SIMULATIO RAVE [Tps o |

49 L) OO

5% species = | Production system | » | Herd type |+ Variable Q=" |- [Baseline value _Scenariovalue _Percentage of change.
6catien = # 5 5 » ilssremse n n u & aVihalaherd s BVBSTot GFBRHINS o % B s nn s e ny  KECOTevear] 36855.3357] 3685523157 oow
7 cae oo ihola herd " EHES Towa 052 O eqlyenr | EIBELTAET 213821718 oox
8 |caute Aisystems Viholaherd  ss:Total e KCOreaenr| 23556726477 23558726477 oox
9 {caute Aisysiems Viholeherd  ss:Total 20 KicOrealyenr| 7072884563 7072884 563 oox
10 | cocie Aarems Viholeherd ] eregssan  israsssin oox
11| cattle Allsystems. Wholeherd  EMSS: Feed -N20 manure applied and deposited kg CO2-2q/year| 2,796,022,286 2,796,022,246 0.0%
12 [ acie Alsyscems Vinaleherd £S5, Feed- o2 fead produtsion KiCOTeaenr| 4870417305 4870417208 aox
13 | cartle All systems. Wholeherd  EMSS: Feed - €02 LUC soy kg CO2-2q/year| 84,134,423 84,134,428 0.0%
14 | cartle Allsystems. Wholeherd  EMSS: Feed-C02 LUC palm kernel cake kg CO2-2q/year| - - 0.0%
15 | cacie Alsyscems Vinalenerd s : : oox
16 | cattle All systems. Wholeherd  EMSS: Feed - CH4 rice kg CO2-2q/year| - - 0.0%
17 | cattle Allsystems. 'Whole herd 680, 20,702,660,235 0.0%
18 | cacie Alsyscems Vinaleherd  EMSS, Manure -G from manurs management KicOreqenr|  2gse0t6261 25608614 oox
19 | cattle Al systems Wholeherd  EMSS: Manure - N20from manure management kg CO2-2q/year| 1,302,163,590 1,302,163,590 0.0%
20 | caute Aisysems Viholeherd  ESs: EnereyCO2 irct energyuse ke coreaivenr oox
2 {cocte Aisyasems Vinalanerd | EMSS: Enarpy CO2 nire et anerpy s o enfyenr oox
2 caute Aiyatems Vihola herd  PROD: Mastcaressewaighe s CWgear oox
2 caute Aisysiems Vihole herd  PROD: Meat-proten amaunt Kgproteinrent| oox
2 {cocae Aisyasems Vinolanerd 7ROD: il e weght emiyenr oox
5 | coute Aiyatems Vihaleherd  PROD:Milk-srotein amount Keproteifrent| oox
26 caute Aisysiems Vihole herd  HERD: toal umberofanimals neads/year| oox
27 | cacae Aisyasems Wihaianerd HERD: aduk emates neasyent oox
2 | caete Asyatams Viholaherd  HERD:adut mals neassiyear| oox
2 caute Aisysiems Vihole herd  HERD: replacement femaies headsiyear oox
30 | cocte Aisvasems Whoie nerd | HERD:repiacement mates neassiyenr oox
31 | cartle All systems. Whalzherd  HERD: fattening famales. heads/year| 0.0%
32 cattle All systems. Wholeherd  HERD: fattening males. heads{year 0.0%
33 {cace Aisvasems Vinaia nera | NTAXE Toul ineake Kzomfrear oox
34| cartle All systems. \Whalzherd  INTAKE: Total intake - Roughages. ke DM jyear | 0.0%
35 | caute Aisysems Vihole herd  INTAKE Totlntake-rains ke omyear oox
35 | tauie Aarems Vihole herd  INTAKE Torlneske- Agre nduseil by-prodocts K oMrear oox
37 | cattle Allsystems. Wheleherd  El:Emission intensity of mil kgCO2-2q/kg protein 0.0%
38 | caute Aisysiems Viraleherd 1 Emission ntenstyof meat kecoz-eq/sprocein 112 12 oox
30 | cacte Aarems Dy S Torl Gl amissions o COaalyenr| 10815334436 10315834434 oox
40 | cattle Allsystems. Dairy. EMSS: Total CO2 kg CO2-2q/year| 3,251 1,842,509,251 0.0%

Figure 19. Detailed data spreadsheet for ruminant species.

2.7.8 Detailed results - Monogastric species

L2 T —— = EE T

Fig. 19-1. Detail of available filters in detailed results
pages.
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Detailed, disaggregated data on monogastrics can be found in the dedicated spreadsheets for pigs and chickens.

Similarly to ruminants, data can be filtered by species, production systems and variable (Figure 20-1). The page

presents results on total emissions, emission sources, production, animal numbers, feed intake and emission

intensities. Table A9 contains the full list and description of all the variables.

A B < D E F G

1 Recion [Nortn Americs

2 [counTy [cenada

3 SIMULATION RAME | [Ty pe the simulstion name]

1

5 #5peties” " " " I Briduction system T ¥ Varaple " T TSI AEEEEIIEEAE Gnie Percentage of change

[ Alsystems EMSS: Total GHG emissions o ReCO2-cafyear| _7,994650,920 | 7,894,690,920 0%

T mmnn o n PN w i mn o U TTU S wwnmmnmmnmnnnmnnn®  FECOTeqiesr| SIESOSSO 3,183,055,038 0.0%

8 [Pigs Al systems. ENSs: Tota| CHa gCO2-eqfyear| 3,778,427,355  3,778,427,995 0.0%

9 Alzyaems En4ss: Total K20 kECO2-tajvesr| 103,203,889  1,033,203,869 oo0%

0 All systems. EMSS: Fe 444,254,118 444,254,118 0.0%
Al systems 214ss: F apelied 33,540,800 38,540,800 00
Al systems. EMSS: Feed - CO2 feed production ECO2-eqfyear| 2,653,344350  2,653,344,350 0.0%
Alsyatems E14ss: Feed-CO2 LUy kecO2eajvesr| 50108620 50,108.620 oo0%
Al systems. EMSS: Feed - CO2 LUC palm kernel cake kg CO2-eq/year]| - - 0.0%
All systems: EMSS: Feed - CO2 LUC pasture expansion ke CD2-2q/year| - - 0.0%
Al systems. EMSS: Feed -CHA rice kgCO2-eqfyear| 1,530,034,000  1,530,034,000 0.0%
Alsystams cnass: 31,806,377 431,008,377 oox
Alsyatems eniss: manure 1816589619 1816,589.619 005
Al sysrems enass: manure 50,408,971 550,408,571 0o
Al systems. EMSS: Energy- CO2 direct anergy use gCO2-eqfyear| 312,396,589 312,395,589 0.0%
Alsystams £1455: Enargy- CO2 indiract anergy use k5CO2aqjyenr| 166,605,477 166,609,477 oox
Al systems PROD: Meat- carcass weight kg CWjyear| - - 0.0%
Al sysrems PROD: Meat - protein smount Keproteinfyesr| 284844385 234843545 0o
Al systems. HERD: tots| number of snimals hesds/yesr 12,700,743 12,700,743 0.0%
Alsysrems HERD: adultfemales nesasjyesr| 1,010,374 1,010,378 oo
All systems HERD: adultmales. heads/year| 40,415 40,415 0.0%
All systems. HERD: replacement females heads/year | 537,655 537,655 0.0%
Al systems. HERD: replacement males hesds/yesr 35,014 35,014 0.0%
Alsysrems HERD: attening animsls nesasjyesr| 11,077,280 11,077,250 oo
Al systems INTAKE: Total intake kg DMjyear| 930,737,959 930,737,959 0.0%
Al systems. INTAKE: Total intake - Swill & Roughages kg DMjyear| - - 0.0%
Al systems. INTAKE: Tot| intake - Grains & Food crops keDMjyear| 753,115,305 755,115,305 0.0%
Al systems. INTAKE: Total intake - Agro-industria| by-products. kgDMjyear| 157,660,584 157,660,584 0.0%
Al systems INTAKE: Total intake - Additives kg DMjvear| 13,961,069 13,961,069 0.0%
Al systems. El: Emission intensity of meat kgCO2-eq/kg protein 28.1 281 0.0%
Backyard EMS3S: Tots| GHG emissions ketD2-eqfyear| - - 0.0%
Backyard EMSS: Tots| CO2 rEC02-2q/year| - - 0.0%

Figure 20. Example of detailed data spreadsheet for monogastric species.
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pages.




3. STEP-BY-STEP EXAMPLE

This chapter provides a practical example on how to run a simulation that involves setting a Baseline and

implementing a Scenario that consists of several intervention measures in all modules.

3.1. SETTING THE BASELINE

The first step to assess the impact of any intervention measures is to establish and characterize the starting

conditions. When defining the Baseline, users should consider two possibilities:

- Case 1. If users do not have complete and/or reliable information regarding any of the parameters and
values required to run the simulation, Baseline conditions should make use of the Default values provided
by the tool.

- Case 2. Otherwise, users should modify any value or parameter for which sufficient and reliable information
is available, setting more realistic Baseline conditions.

3.2. SCENARIO DESCRIPTION

The Scenario described here simulates the implementation of measures aimed at reducing the emissions from

livestock production. Although the example focuses on cattle, similar scenarios can be applied to the other species.
The details on the scenario are shown in Tables 5 to 7. The Scenario is only applied here to grassland systems, but
changes can be simultaneously applied to any combination of species and production systems.

TABLE 5. Example scenario description

:5::: HERD MODULE FEED MODULE MANURE MODULE
Dairy e Sector growth: increase of o Increase in feed quality for adult dairy ® 50% reduction of deposited
reproductive animals by 10% animals by increasing the share of energy manure in the fields and
e Animal health improvements: rich feed items (see Table 5) for grassland reallocation under dry lot.
reduction of 30% in mortality of animals.
calves.
Beef o Breeding program resulting in e Increase in feed quality for adult dairy e Higher adoption (+20%) of dry
heavier animals at slaughter animals by increasing the share of energy lot system to the detriment of
(+1.5% live weight). rich feed items (see Table 6) for grassland liquid/slurry.
animals.
Feedlots = e Expand feedlot systems: o No further changes, Default values are e No further changes, Default
increase of 10% in animals used. values are used.

finished in feedlot operations.

TABLE 7. Feed ration example for adult dairy females

| Feeditem | Baseline __________ Scenario

Roughages

Fresh grass 5.0 5.0
Hay or silage from grass 34.0 14.0
Silage from whole grain plants 5.0 -
Silage from whole maize plant 15.0 15.0
Grains

Maize 16.2 25.0
Grains 11.8 20.0
Agro-industrial by-products

By-products from soy 4.3 11.0
By-products from rape (canola) 1.9 -
Maize gluten meal 0.3 -
Dry by-products from grain industries 4.5 5.0
Wet by-products from grain industries 2.0 5.0
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TABLE 8. Feed ration example for fattening beef animals
Feed item Baseline Scenario

Roughages

Fresh grass 46.0 20.0
Hay or silage from grass 24.0 15.0
Silage from whole grain plants 8.0 5.0
Silage from whole maize plant 8.0 -
Grains

Maize 5.0 20.0
Grains 5.0 15.0
Agro-industrial by-products

By-products from soy 1.0 10.0
By-products from rape (canola) 1.0 5.0
Dry by-products from grain industries 1.0 5.0
Wet by-products from grain industries 1.0 5.0
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3.3. IMPLEMENTING THE SCENARIO: HERD MODULE

To implement the Scenario conditions, overwrite the values in the appropriate cells for changes in animal numbers

(Figure 21-1), mortality of calves (Figure 21-2) and slaughter live weight (Figure 21-3).
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Figure 21. Implementing the example scenario. Note the change in the total number of animals due to the new values (thick

carne || surratoes | [ sheer |

WONTIEDLGY | (“FEEOLOT

GOATS || PIGS

INSTRUCTIONS
This module simulates the structure and dynamics of the herd.
OX 1 contains th data on total and reproductive animals. In Blox

PRODUCTION SYSTEM DEFINITIONS

Grassland based systems
Systems in which more than 10 percent of animal feed is produced In the farm and the

A NNOTER IR 8 PR OMIMTE P AR T Ly average stocking rate is les3 than 10 ivestock units (LSU) per hectare of agricultural
and.

the herd.

Default values for all the variables are based on the selected
country, Users can modify and set new values (n the faseline snd
Scenario cells, as shown on the right, /o,

1f no changes are made, Baseline

and Scenario use Defoult values for

the simulation.

Mixed farming systems
Systems in which more than 10 percent of animal feed comes from crop by-products
or more than 10 percent of the praduction value is of non-ivestack activities.

Source: Seed & Steinteld, World livestock production systems, FAO, 1996

(‘enicxen |

| sox 1 | ANMALNUmBERS | 1| ANIMAL NUMBERS DA'RY BEEF

Total animal numbers

=l ::::::.::v::;:::r;::r:::::‘:ﬂ@z s ssa
[ armon| | _oommss] :@E

Adult reproductive females [ sasesl|  amar] 2086508 || 700895

Number of sdult reproductive females in the herd, Unit heads _ _

CS700) [ a7s
—T - ]
5] [ oae0]

[ asou]
0 | e e T

Adult reproductive males

Humber of adult reproductive males in the herd. Uit heads

DAIRY BEEF

Age at first calving 2 2] | 2 24
s ss s o e v e oo [ (] ]

24 24 24 24
| mol|  so|| om0 90

Fertility of adult females

Aversge peicentage of sucesaful sdult female parturitions, This
includes youngs that die bafore reaching maturity. Um: pevcentoge

Mortelity of young females

Annwal average rate of nan-intended young female deaths before.
reaching maturity, Unit. percentage

Mortality of young males 20 20| 60| 60|

Annus| sverage rate of non-intended young male deaths before.
reaching maturity, Unit: percentage

Weight of fattenil males

Average staughter live weight of fattening females. Unic: kilograms

Weight of fattening males

Aversge sisughter live weight of fattening males. Unit kilogroms

arrow). Some parts of the page are not shown for clarity purposes (dotted line).
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Similarly, introduce the new values for feedlot animals (Figure 22-1).

REEE

$¥8 B R IR B 5 R

GLEAM-i

INSTRUCTIONS

This module simulates the dynamics inside the feediot operation,
Animal numbers and feediot parameters are shown in Box 1 and
Bax 2, respectively. Animals are transferred to feediats from the
available fattening (or surplus) numbers from ‘Grassland' and
"Mixod! systems,

Defoult values for all the variables are shown based on the selected
country. Users can modiy and set

new values (n the Baseline and

Scenaro colls. NOTE: for countries

where GLEAM has o Default feediot

data, average regional parameters

will be used i feedlots are activated

by the user (parameters will be highlighted in blue).

PRODUCTION SYSTEM DEFINITION

Feedlots

Type of animal foeding oparation that is used for finishing livestock -specifically here,
beef cattle, Before entering the feediot operation, animals spend their first months,
usually about a yoar, feeding on pastures of rangelands. This period is often referred
to a the rearing phase, When animaly reach a certain live weight, they are
transferred to feedlots for the finishing phase,

Oncn inside the feediot operation, animals are fed with a specialized diet that s
Intanded to stimulate weight gain. This period typically lasts for six to nine months,
depending on the starting and targeted live weight. Oits are generally composed of
highly energetic and proteln-rich feedstufts, such as corn and cakes, respectively.

Source: Authors

P
ANIMAL NUMBERS
\—r—
rs

Total fattening numbers

Annwsl numbes of fattening (of surplus) animals calculated from the
parameters In the pravious page. This 15 the maximum number of
animals that can be sent to feediots. Uit heod

Animols transferred to feedlots

ANOUBI hUMBer Of ANIMALs At enter the feedjot system, It cannot
number of !

refarence, both for baseline and scenario conditions), Uit heads

Figure 22. Implementing the example scenario for feedlot animals. Some parts of the page are not shown for clarity purposes

(dotted line).
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3.4. IMPLEMENTING THE SCENARIO: FEED MODULE

3.4.1 Implementing the scenario - Feed module for dairy animals

Introduce the new values in the Scenario cells according to the diet defined in Table 6 (Figure 23-1). Check that the

total percentage adds up to 100% for the new conditions (Figure 23-2).

<{_PREVIO (“carne | [ surratos | [ sueep | [ Goats | [ pies | [ cHicken NEXT

DAY | [ BEEF ) (FEEDLOT )

RATION PERCENTAGES OVERVIEW s Fattenin
A | Baseline ration (%)| 1000 1000 | 100.0
Scenario ration (%) [ 1000 100.0] [ 100.0
G | Baseline ration (%) 100.0 100.0 100.0
Scenario ration (%) 100.0 100.0 100.0

€%

ILEICIEICEERICIE N CREIC I I

INSTRUCTIONS

The feed module shaws the share of individual feedstuffs in the diet. Informiation is organized into three sections. An overview of rtion's total percentage can
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Figure 23. Implementing the example scenario. Some parts of the page are not shown for clarity purposes (dotted line).
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3.4.2 Implementing the scenario — Feed module for beef animals

Introduce the new values in the Scenario cells according to the diet defined in Table 7 (Figure 24-1). Note that the

total percentage should add up to 100% for the new conditions (Figure 24-2).

| carne || sureaoes | sHeep || Goars || pies || cHicken NEXT >
DAY | [ 86 | [FEEDLOT
RATION PERCENTAGES OVERVIEW W

Baseline ration (%) | 1000 | | 1000] |
Scenario ration (%) | 1000 | 100.0] [

Baseline ration (%) |

GRASSLAND SYSTEMS

MIXED SYSTEMS

Scenario ration (%) [

Figure 24. Implementing the example scenario. Some parts of the page are not shown for clarity purposes (dotted line).
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3.5. IMPLEMENTING THE SCENARIO: MANURE MODULE

To implement the Scenario conditions, overwrite the values in the appropriate cells for each manure management

system for both dairy animals (Figure 25-1) and beef animals (Figure 25-2).

14

MANURE SYSTEMS OVERVIEW DAIRY m

19"

Baseline conditions (%) 100.0 100.0 100.0 100.0
Scenario conditions (%) 100.0 100.0 100.0 100.0

TOTAL PERCENTAGE

MA E MODULE - CATTLE

INSTRUCTIONS

The manure module contains the information on how manure is stored and handied. Manure management systems are taken from IPCC guidelines. For a
complete definition, please check the User guide. Users will find default values for each production system and herd type. Any of those values can be changed,
affecting methane and nitrous oxide emissions from manure.

Defoult values for all the variables are shown based on the targeted country. Users can modify and set new values in the

Baseline and Scenaria cells, as shown on the right. If no changes are made, Baseline and Scenario use Default values for the
simulation.
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Figure 25. Implementing the example scenario. When modifying the share of manure management systems, make sure they add

up to 100%, as shown in the Manure systems overview box.
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3.6. BASELINE AND SCENARIO COMPARISON

GLEAM-i allows for a quick and easy comparison between Baseline and Scenario conditions, both graphically (Figure

26) and numerically (Figure 27). In that particular case, note that both meat and milk production from cattle increase
around 7.5% (Figure 26-1), while total emissions only do by 0.5% (Figure 26-2).
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Figure 26. Screenshot of the graphic results based on the example scenario.

Detailed results page displays total and disaggregated data on emissions, emission sources, production, animal
numbers, feed intake and emission intensities (Figure 27). The example intervention fosters meat and milk
production by 7.3% and 7.5%, respectively (Figure 27-1), while total emissions remains almost unchanged (Figure
27-2). This is reflected in lower emission intensities for both commodities (Figure 27-3). Data on total feed intake
and by main feed type is also available (Figure 27-4).

A B | C ] E | F G |

1 |recion North America
2 [COUNTRY Canda i Gﬁe\ N
3 [SIMULATION NAME |[Type the simulstion name] k \
1 | 0.6%),
5 |Species E‘ ion system |z| Variable IE‘ Unit « | Baseline value Scenario value Percentage of change . oY ERE
6 |cattle All systems EMSS: Total GHG emissions kg CO2-eqfy=ar| 41,975,273,235 l 42,236,731,743 | 0.8 \’/

Cattle All systems. EMSS: Total COZ kg COZ-eq/year|  6,996,263,257 7,460,612,443 \ BB
8 |cattle All systems. EMSS: Total CHS kg COZ-eqjyear| 24,792,923,268  24,423,814,841 Saswl
9 | Cattle Al systems EMSS: Total N20 kgCOZ2-eqfysar| 10,190,092,711  10,352,304,453 185
10 |cattle Al systems EMSS: Feed - N20 fertilizer and crop residues kgCO2-eqfyear|  3,140,942,449 3,093,776,058 -1.3%
11 |cattle All systems. EMSS: Feed - N2O manure applied and deposited kg COZ-eq/year|  5,427,023,183 4,502,285,853 17.0%
17 |cattle Al systems EMSS: Feed - CO2 feed production kg CO2-eqjyear|  5,241,013,857 5,467,838,234 4.3%
13 |cattle Al systems EMSS: Feed - CO2 LUC soy kg CO2-eqjyear 29,285,342 108,775,083 133,83
14 |Cattle All systems EMSS: Feed - CO2 LUC palm kernel cake kg CO2-eqfyear - - 0.0%
15 |cattle All systems. EMSS: Feed - 02 LUC pasture expansion kg CO2-eq/year - 0.0%
16 |cattle Al systems EMSS: Feed - CH4 rice. kg CO2-eqjyear - - 0.0%
17 |cattle Al systems EMSS: Enteric - CH4 from enteric fermentation kgCO2-eqfyear| 21,857,366,402  21,694,726,208 0.7
18 |Cattle All systems EMSS: Manure - CH4 from manure management kg CO2-eq/year|  2,935,556,866 2,723,028,635 7.0% -
19 | Cattle All systems EMSS: Manure - N20 from manure management kg CO2-eq/year 1,622,127,078 2,750,242,535 69.5% - 7 2%\
20 |cattle Al systems. EMSS: Energy - CO2 direct energy use kg COZ-eq/year £06,480,634 548,370,504 6.9% y T7T3%!
21 |cattle Al systems EMSS: Energy - CO2 indirect energy use kg CO2-eqjyear|  1,059,479,418 1,135,628,628 7.2% < T3
22 |cattle Al systems PROD: Meat -carcass weight kg CW,year|  1,513,105,608 1,624,136,149 ’ ?.3%*\/'
23 |cattle All systems. PROD: Meat - protein amount kg proteinjyear 233,785,411 257,384,376 o I 7.3%))
24 |cattle Al systems PROD: Milk -fresh waight kgmilkfyear|  5,886,070,080 5,433,803,264 7.5,
25 |Cattle Al systems PROD: Milk - protein amount kg protein/year 157,540,212 212,315,527 755
26 |cattle All systems. HERD: total number of animals heads/year 9,234,961 9,396,232 8.25%
27 |cattle All systems. HERD: adultfemales heads/year 3,488,139 3,748,112 7.5% .=
28 |cattle Al systems HERD: adult males headsjyear 118,504 127,368 7.5% ;7 0.4%>
29 |Cattle Al systems HERD: replacement females heads/year 1,315,773 1,414,190 7.5% " 45 g% ‘\
30 |cattle All systems. HERD: replacement males. heads/year 120,347 123,334 7.55% [ |
31 |cattle All systems HERD: fattening females heads/year 2,044,164 2,235,187 9.3% ‘\ 39.6%
32 |cattle Al systems HERD: fatteningmales headsjyear 2,147,374 2,340,281 5.0% \38.3% x4
33 |Cattle Al systems INTAKE: Total intake kg DM/year| 31,342,292,893  31,979,135,978 70 45 -—
34 |cattle All systems. INTAKE: Total intake - Roughages kg DM/year| 24,282,145711  20,438,186,436 | -15.8%
35 |cattle Al systems INTAKE: Total intake - Grains kg DM/year|  5,840,894,101 8,154,977,809 | 39.6% L
36 |Cattle Al systems INTAKE: Total intake - Agro-industrial by-products kgDM/year|  1,718,253,081 2,385,571,674 N 96.9%/ 1 B.4% \I
37 |cattle All systems El: Emission intensity of milk kg CO2-eq/ks protein 411 77 1’1{4%\ /71 5.8% /
3| Cattle All systems El: Emission intensity of meat kg CO2-eq/ks protein 141.2 1330 o \ -5.393! \ = _ 7

~-

Figure 27. Screenshot of the numeric results based on the example scenario. Results for each variable can be filtered by species
and production system.
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3.7. SAVING THE RESULTS

To save the results of the simulation, please follow one of the two options below:

- Macros are enabled. Go to the Results page and click on the Export results button. This will create a new
file with a copy of all detailed spreadsheets which can be saved into any folder. It will suggest the name of
the simulation as the name for the saved file.

Food and Agriculture Organization
of the United Nations

GLEAM-i

Ver. 2.0 Rev. 1
September 2016

- Macros are not enabled. Save the file using the Save as instruction from Excel. This will create an entire
copy of the current simulation.
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4. ANNEX

This Annex presents the list and description of all parameters used in GLEAM-i.
TABLE Al. HERD module — Herd parameters: cattle and buffaloes

Parameter

Age at first calving
Fertility of adult
females

Mortality of young
females

Mortality of young
males

Mortality of adult
animals

Adult females
replacement
Weight at birth
Weight of adult
females

Weight of adult
males

Weight of fattening
females

Weight of fattening
males

Milk yield

Milk fat

Milk protein

TABLE A2. HERD module — Herd parameters: feedlot operations

Parameter

Initial weight — Female animals

Weight at slaughter — Female

animals

Initial weight — Male animals

Weight at slaughter — Male animals

Finishing period

Description
Average age at which cows have their first parturition, either it is a successful one or not.

Average fertility rate, expressed as the percentage of calving adult cows over the total amount

of adult cows. This includes born calves that die before reaching maturity.
Annual average percentage of non-intended deaths of female animals before reaching
maturity.

Annual average percentage of non-intended deaths of male animals before reaching maturity.

Annual average percentage of non-intended deaths of animals (males and females), after
reaching maturity.
Annual average percentage of adult females’ replacement.

Average live weight of calves at birth.
Average live weight of cows once they reach maturity.

Average live weight of bulls once they reach maturity.

Average live weight at slaughter of adult females culled for meat.
Average live weight at slaughter of adult males culled for meat.
Annual average milk yield per milking cow.

Average milk total fat content.
Average milk total protein content.

Description
Average live weight of female animals when are transferred to feedlot
operations

Average live weight at which feedlot female animals are slaughtered

Average live weight of male animals when are transferred to feedlot
operations

Average live weight at which feedlot male animals are slaughtered
Average duration of the finishing period

TABLE A3. HERD module — Herd parameters: sheep and goats

Parameter
Age at first calving
Fertility of adult
females

Parturition interval
Litter size

Mortality of young
animals

Mortality of adult
animals

Adult females
replacement
Weight at birth
Weight of adult
females

Weight of adult
males

Weight of fattening
females

Weight of fattening
males

Milk yield

Milk fat

Milk protein

Description

Average age at which does/ewes have their first parturition, either it is a successful one or not.
Average fertility rate, expressed as the percentage of lambing (or kidding) adult ewes (or does)
over the total amount of adult ewes (or does). This includes born lambs/kids that die before
reaching maturity.

Average interval between two consecutive parturitions.

Average number of lambs/kids born in each parturition, including those that die before
reaching maturity.

Annual average percentage of non-intended deaths of animals before they reach maturity.

Annual average percentage of non-intended deaths of adult animals after reaching maturity.
Annual average percentage of adult females’ replacement.

Average live weight of lambs/kids at birth.
Average live weight of does/ewes once they reach maturity.

Average live weight of rams/bucks once they reach maturity.
Average live weight at slaughter of adult females culled for meat.
Average live weight at slaughter of adult males culled for meat.
Annual average milk yield per milking doe/ewe.

Average milk total fat content.
Average milk total protein content.

Unit
Months
Percentage
Percentage
Percentage
Percentage

Percentage

Kilograms/animal
Kilograms/animal

Kilograms/animal
Kilograms/animal
Kilograms/animal
Kilograms/animal

Percentage
Percentage

Unit

Kilograms/animal
Kilograms/animal
Kilograms/animal

Kilograms/animal
Days

Unit
Months
Percentage

Days
Number
Percentage
Percentage
Percentage

Kilograms/animal
Kilograms/animal

Kilograms/animal
Kilograms/animal
Kilograms/animal
Kilograms/animal

Percentage
Percentage



TABLE A4. HERD module — Herd parameters: pigs

Parameter
Age at first parturition

Fertility of adult females
Gestation period
Litter size

Lactation period
Idle period

Mortality of piglets before
weaning

Weaning age

Mortality of juvenile replacement
animals

Mortality of adult replacement
animals

Mortality of fattening animals
Replacement of adult females
Replacement of adult males
Weight of piglets at birth
Weight of weaned piglets
Weight of adult females
Weight of adult males

Weight of fattening animals
Average daily weight gain
Source: Authors

Description

Average age at which sows have their first parturition, either it is a successful

one or not.

Annual average of parturitions per sows, including all the sows in the herd.
Average duration of the gestation period.
Average number of piglets born in each parturition, including those that die

before reaching maturity.

Average amount of time that piglets are lactated.
Average amount of time between one parturition and the consecutive

pregnancy.

Annual average mortality of non-intended piglets’ deaths before weaning.

Average age at which piglets are weaned.
Annual average mortality of replacement animals with ages comprised

between weaning and maturity.

Annual average mortality of replacement animals after reaching maturity.

Annual average mortality of adult fattening animals.

Rate of reproductive adult females’ replacement.

Rate of reproductive adult males’ replacement.

Average live weight of piglets at birth.

Average live weight of piglets at weaning age

Average live weight of sows once they reach maturity.

Average live weight of boars once they reach maturity.

Average live weight at slaughter of fattening animals culled for meat.
Average daily weight gain of fattening animals.

TABLE A5. HERD module — Herd parameters: chicken

Parameter
Laying age

Annual laid eggs
Hatchability
Mortality of pullets

Mortality of adult animals

Egg weight
Weight of pullets at birth
Slaughter weight of backyard hens

Slaughter weight of backyard
roosters

Molting

Initial weight of laying hens
Final weight of laying hens
Laying period

Mortality of adult broilers

Slaughter weight of broilers
Source: Authors

Description

Average age at which hens starts laying eggs.

Annual average number of eggs laid per hen.

Average percentage of successfully hatched eggs.

Annual average percentage of non-intended deaths of pullets under 16 weeks

old.

Annual average percentage of non-intended deaths of pullets after their first 16

weeks
Average weight of eggs

Average live weight of pullets at hatching
Average live weight of hens when slaughter for meat in backyard production

system

Average live weight of roosters when slaughter for meat in backyard production

system
Is molting done in laying systems?

Average live weight of laying hens at the beginning of the first laying period
Average live weight of laying hens at the end of the first laying period
Average length of the laying period for hens in layer and broiler systems
Average percentage of non-intended deaths of broiler animals after their first

16 weeks

Average live weight at slaughter of broiler animals
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Unit

Weeks

Number/animal
Days
Number

Days
Days

Percentage

Days
Percentage

Percentage

Percentage
Percentage
Percentage
Kilograms/animal
Kilograms/animal
Kilograms/animal
Kilograms/animal
Kilograms/animal

Kilograms/animal/day

Unit
Weeks
Eggs/animal
Percentage
Percentage

Percentage

Grams/egg
Grams/animal
Kilograms/animal

Kilograms/animal

Boolean
Kilograms/animal
Kilograms/animal

Days
Percentage

Kilograms/animal



TABLE A6. FEED module - List of feed items for ruminant species

Feed item Description

Roughages
Fresh grass
Hay or silage from grass

Fresh mixture of grass and
legumes

Hay or silage from grass and
legumes

Hay or silage from alfalfa
(Lucerne)

Silage from whole grain
plants

Silage from whole maize
plant

Crop residues from wheat
Crop residues from maize
Crop residues from millet

Crop residues from sorghum
Crop residues from rice

Crop residues from other
grains

Crop residues from sugarcane
Fodder beet

Grains

Maize

Grains

Agro-industrial by-products
By-products from soy
By-products from rape
(canola)

By-products from cottonseed
By-products from sugar beet

Oil palm kernel cake

Molasses
Maize gluten meal
Maize gluten feed

Dry by-products from grain
industries

Wet by-products from grain
industries

Source: Authors

Any type of natural or cultivated fresh grass grazed or fed to the animals.

Hay (grass is cut, dried and stored) or silage (grass is cut and fermented) from any natural or cultivated
grass.

Fresh mixture of any type of grass and leguminous plants that is fed to the animals.

Hay or silage produced from a mixture of any type of grass and leguminous plants.
Hay or silage from alfalfa (Medicago sativa)

Silage from whole barley (Hordeum vulgare), oat (Avena sativa), buckwheat (Fagopyrum esculentum) and
fonio (Digitaria spp.) plants.
Silage from whole maize (Zea mays) plants.

Residual plant material such as straw, brans, leaves, etc. from wheat (Triticum spp.) cultivation.
Residual plant material such as straw, brans, leaves, etc. from maize (Zea mays) cultivation.

Residual plant material such as straw, brans, leaves, etc. from millet (Pennisetum glaucum, Eleusine
coracana, Panicum miliaceum, etc) cultivation.

Residual plant material such as straw, brans, leaves, etc. from sorghum (Sorghum spp.) cultivation.
Residual plant material such as straw, brans, leaves, etc. from rice (Oryza spp.) cultivation.

Residual plant material such as straw, brans, leaves, etc. from barley (Hordeum vulgare), rye (Secale
cereale) or oat (Avena sativa) cultivation.

Residual plant material such as straw, brans, leaves, etc. from sugarcane (Saccharum spp.) cultivation.
Fodder beet (Beta vulgaris), also known as mangel beet or field beet, used as animal feed.

Grains from maize (Zea mays) plant.
Grains from wheat (Triticum spp.), barley (Hordeum vulgare), sorghum (Sorghum spp.), rye (Secale cereale)
or oat (Avena sativa) plants.

By-product from soy (Glycine max) oil production, commonly referred to as ‘soy cakes’ or ‘soybean meal’.
By-product from rape (Brassica napus) oil production, commonly referred to as ‘rape cakes’ or ‘rapeseed
meal’.

By-product from cottonseed (Gossypium spp.) oil production, commonly referred to as ‘cottonseed meal’.
Also known as ‘beet pulp’, is the remaining material after the juice extraction for sugar production from
the sugar beet (Beta vulgaris).

By-product from the extraction of palm (Elaeis guineensis) kernel oil production, commonly referred to as
‘kernel cake’.

By-product from the sugarcane sugar extraction. It is a viscous, dark and sugar-rich material.

By-product from maize processing. It is a protein-rich feed, with about 65% crude protein content.
By-product from maize processing. Unlike the gluten meal, its protein content is lower, of about 25%
crude protein content.

‘Dry’ by-products of grain industries such as brans, middlings, etc.

‘Wet’ by-products of grain industries such as biofuels, distilleries, breweries, etc.
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TABLE A7. FEED module - List of feed items for monogastrics

Feed item Description

Swill & roughages
Swill

Fresh grass

Grains & Food crops
Pulses

Cassava

Wheat

Maize

Barley

Millet

Sorghum

Rice

Soybeans
Rapeseed

Banana fruit

Household organic waste used as feed that would otherwise been disposed.
Any type of natural or cultivated fresh grass grazed or fed to the animals.

Beans from leguminous species, such as Phaseolus spp., Vicia faba, Pisum sativum, etc.
Pellets from cassava (Manihot esculenta) roots.

Grains from wheat (Triticum spp.)

Grains from maize (Zea mays).

Grains from barley (Hordeum vulgare).

Grains from millet (Pennisetum glaucum, Eleusine coracana, Panicum miliaceum, etc.)
Grains from sorghum (Sorghum spp.)

Grains from rice (Oryza spp.)

Beans from soy (Glicyne max).

Seeds from rapeseed (Brassica napus).

Fruits from banana trees (Musa spp.)

Agro-industrial by-products

Crop residues from banana
Crop residues from pulses
Crop residues from
sugarcane

Soybean oil

By-products from soy
By-products from
cottonseed

By-products from oilseeds
Oil palm kernel cake

Dry by-products from grain
industries

Wet by-products from
grain industries

Molasses

Fishmeal

Additives

Additives

Limestone

Source: Authors

Crop residues such as steams, peels, etc. from banana (Musa spp.) cultivation.
Residual plant material such as straw, brans, leaves, etc. from pulses cultivation.
Residual plant material such as straw, brans, leaves, etc. from sugarcane (Saccharum spp.) cultivation.

Vegetal oil extracted from soybeans (Glicyne max).
By-product from soy (Glycine max) oil production, commonly referred to as ‘soy cakes’ or ‘soybean meal’.
By-product from cottonseed (Gossypium spp.) oil production, commonly referred to as ‘cottonseed meal’.

By-product from seed oil production other than soy, cottonseed or palm oil.

By-product from the extraction of palm (Elaeis guineensis) kernel oil production, commonly referred to as
‘kernel cake’.

‘Dry’ by-products of grain industries such as brans, middlings, etc.

‘Wet’ by-products of grain industries such as biofuels, distilleries, breweries, etc.

By-product from the sugarcane sugar extraction. It is a viscous, dark and sugar-rich material.
Meal obtained by cooking, drying and milling of raw fish, by-captures or fish trimmings.

Synthetic additives such as amino acids or minerals.
Sedimentary stone composed mainly of calcium carbonate (CaCOs). Used as a source of calcium, is
commonly given to laying hens to favor the formation of the egg shell.

TABLE A8. MANURE module — Description of manure management systems

Manure system Description

Pasture/Range/Paddock
Daily spread

Solid storage
Dry lot
Liquid/Slurry

Uncovered anaerobic
lagoon

Burned for fuel
Pit storage

Anaerobic digester

Poultry manure with
litter

The manure from pasture and range animals is allowed to lie as deposited, and is not managed.

Manure is routinely removed from a confinement facility and is applied to cropland or pasture within 24 hours
of excretion.

The storage of manure, typically for a period of several months, in unconfined piles or stacks. Manure is able to
be stacked due to the presence of sufficient amount of bedding material or loss of moisture by evaporation.

A paved or unpaved open confinement area without any significant vegetative cover where accumulating
manure may be removed periodically.

Manure is stored as excreted or with some minimal addition of water in either tanks or earthen ponds outside
the animal housing, usually for periods less than one year.

A type of liquid storage system designed and operated to combine waste stabilization and storage. Lagoon
supernatant is usually used to remove manure from the associated confinement facilities to the lagoon.
Anaerobic lagoons are designed with varying lengths of storage (up to a year or greater), depending on the
climate region, the volatile solids loading rate, and other operational factors. The water from the lagoon may be
recycled as flush water or used to irrigate and fertilize fields.

The dung and urine are excreted on the fields. The sun dried dung cakes are burned for fuel.

Collection and storage of manure usually with little or no added water typically below a slatted floor in an
enclosed animal confinement facility, usually for periods less than one year.

Animal excreta with or without straw are collected and anaerobically digested in a containment vessel or
covered lagoon. Digesters are designed and operated for waste stabilization by microbial reduction of complex
organic compounds into CO2 and CHa, which is captured and flared or used as fuel.

May be similar to open pits in enclosed animal confinement facilities or may be designed and operated to dry
the manure as it accumulates. The latter is known as high-rise manure management system and is a passive
windrow composting when designed and operated properly.

Source: IPCC, 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 2006.
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TABLE A9. DETAILED RESULTS page — Description of variables

EMSS: Total GHG emissions

EMSS: Total CO2

EMSS: Total CH4

EMSS: Total N20

EMSS: Feed - N20 fertilizer and crop
residues

EMSS: Feed - N20 manure applied and
deposited

EMSS: Feed - CO2 feed production

EMSS: Feed - CO2 LUC soy

EMSS: Feed - CO2 LUC palm kernel
cake

EMSS: Feed - CO2 LUC pasture
expansion

EMSS: Feed - CH4 rice

EMSS: Enteric - CH4 from enteric
fermentation

EMSS: Manure - CH4 from manure
management
EMSS: Manure - N20 from manure
management

EMSS: Energy - CO2 direct energy use

EMSS: Energy - CO2 indirect energy use

PROD: Meat - carcass weight
PROD: Meat - protein amount
PROD: Milk - fresh weight
PROD: Milk - protein amount
PROD: Eggs - shell weight
PROD: Eggs - protein amount
HERD: total number of animals
HERD: adult females

HERD: adult males

HERD: replacement females
HERD: replacement males
HERD: fattening females

HERD: fattening males

HERD: fattening animals

INTAKE: Total intake

INTAKE: Total intake - Roughages
INTAKE: Total intake - Grains
INTAKE: Total intake - Agro-industrial
by-products

INTAKE: Total intake - Swill &
Roughages

INTAKE: Total intake - Grains & Food
crops

INTAKE: Total intake — Additives

El: Emission intensity of milk

El: Emission intensity of meat
El: Emission intensity of eggs

Total GHG emissions.

Total carbon dioxide emissions.

Total methane emissions.

Total nitrous oxide emissions.

N20 emissions from the conversion of nitrogenous compounds present in synthetic nitrogenous
fertilizers applied to feed crops and from the decomposition of crop residues. It includes direct
emissions (conversions of nitrogen into N.O through a combination of nitrification and
denitrification processes) and indirect emissions (nitrogen is lost in forms of ammonia and NO,).
N20 emissions from the conversion of nitrogenous compounds present in animal excreta: manure
can be deposited in the fields by grazing and scavenging animals or applied to feed crop fields as
organic fertilizer. It includes direct emissions (conversions of nitrogen into N,O through a
combination of nitrification and denitrification processes) and indirect emissions (nitrogen is lost
in forms of ammonia and NOx).

CO; emissions arising from the production, transport and processing of feed. This includes
emissions from fossil fuels use in fertilizer and pesticides manufacture, field operations and feed
manufacture in feed mills.

CO. emissions due to the expansion of soybean cultivation into natural areas. Emissions are
related to changes in carbon stored in biomass, dead organic matter and soils.

CO; emissions due to the expansion of palm oil plantations into natural areas. Emissions are
related to changes in carbon stored in biomass, dead organic matter and soils.

CO. emissions due to the expansion of pastures into natural areas. Emissions are related to
changes in carbon stored in biomass, dead organic matter and soils.

CHa4 emissions from the cultivation of rice used as feed. Emissions are related to anaerobic
decomposition of organic matter in flooded rice fields.

CH4 emissions from enteric fermentation of ruminant species and pigs. During the digestive
process, microbial fermentation breaks down part of the carbohydrates in the diet, generating
methane as a by-product. In general, fibrous materials cause higher enteric emissions.

CHa emissions from the anaerobic decomposition of organic material present in animal excreta.
This is most common when urine and dung are stored and treated in liquid-based systems.

N20 emissions from the conversion of nitrogenous compounds present in animal excreta. It
includes direct emissions (conversions of nitrogen into N.O through a combination of nitrification
and denitrification processes) and indirect emissions (nitrogen is lost in forms of ammonia and
NOx).

CO; emissions from the use of energy in the animal production site for heating, ventilation,
refrigeration, machinery, etc.

CO: emissions from the use of energy on the construction of facilities (animal housing) and
equipment.

Total production of meat expressed in carcass weight

Total production of meat expressed in protein amount

Total production of milk expressed in whole, fresh weight

Total production of milk expressed in protein amount

Total production of eggs expressed in whole, shell weight

Total production of eggs expressed in protein amount

Total number of animal heads. It includes all cohorts for a given species. Applies to all species.
Total number of adult female animals for a given species. Applies to all species.

Total number of adult male animals for a given species. Applies to all species.

Total number of replacement female animals for a given species. Applies to all species.

Total number of replacement male animals for a given species. Applies to all species.

Total number of surplus female animals for a given species. Applies to ruminant species and
chicken.

Total number of surplus male animals for a given species. Applies to ruminant species and chicken.
Total number of surplus animals. Applies to pigs and chicken only.

Total annual dry matter intake by the herd (or flock) of a given species. Applies to all species.
Total annual dry matter intake of roughages for ruminant species.

Total annual dry matter intake of grains for ruminant species.

Total annual dry matter intake of agro-industrial by-products. Applies to all species.

Total annual dry matter intake of swill and roughages. Applies to pigs and chicken.
Total annual dry matter intake of grains and food crops. Applies to pigs and chicken.

Total annual dry matter intake of additives. Applies to pigs and chicken.

Emission intensity of milk, expressed as emissions per unit of edible protein. Applies to ruminant
species.

Emission intensity of meat, expressed as emissions per unit of edible protein. Applies to all species.
Emission intensity of eggs, expressed as emissions per unit of edible protein. Applies to chickens.

Source: Authors and Gerber, P. et. al., Tackling climate change through livestock. A global assessment of emissions and

mitigation opportunities. FAO, 2013.
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