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Outline

* |[dentify major processes leading to emissions in
Agriculture sector

* Understand the methodological approaches for
calculating GHG emissions and their data requirements

* Apply at least a Tier 1 methodology to calculate
emissions from the Agriculture sector



AFOLU Sector Structure

 AFOLU = Agriculture, Forestry and Other Land Use

— 3A1 Enteric fermentation
3A Livestock ——
—— 3A2 Manure management
— 3B1 Forest land
3 — ig; émp'?”dd { AGRICULTURE J
Agriculture T oo brassian
& ¢ — 3B Land —— 3B4 Wetlands
Forestry and — 3B5 Settlements
Other Land —— 3B6 Other lands
— 3C1 Biomass burning \
AFOL s e
Use ( 0 U) 3C Aggregated |—— 3C2 Liming
and non-CO, ——— 3C3 Urea application
emission ~ b—— 3C4 Direct N,O from managed soils
sources on land [~ 3C5 Indirect N,O from managed soils
— 3C6 Indirect N,O from manure management
k — 3C7 Rice cultivation

—— 3D Other ———— 3D1 Harvested wood products



Agriculture Sector: Emission Sources

e CH, emissions from enteric fermentation
from all livestock categories (except poultry)

e Emissions of CH; and N,O (direct and indirect) from
manure management practices of all livestock
manure (including poultry)

e Emissions (CO,, CH,, N,O, CO, NO,) from biomass
burning which includes crop residue burning

e Emissions of CO, from lime and urea application to
fields

e Direct and indirect emissions of N,O from
application of nitrogen (organic and inorganic)
to managed soils

e CH, emissions from rice production




AFOLU emissions

 Agriculture
 Livestock (CH,)
« Manure (CH,; N,O)
 Agricultural soils (N,O; CO,)
» Synthetic fertilisers

« Crop residues
» Lime/urea application

« Crop burning (CH,; N,O; CO,)

* Rice cultivation (CH,) e A Z‘ Agriculture,
. o Forestry &
orestry and other LU emissions (CO,) et e
» Forest lands (including deforestation) 18 4%

« Croplands
« Grasslands
» Wetlands

Settlements



Introduction

 Human activities - Land use change and
management have a significant influence on the
greenhouse gas concentrations in the atmosphere.

Global Greenhouse Gas Emissions
by Economic Sector

b Other

* Processes accounting for GHG emissions and \ e
. . . . N 0
removals include photosynthesis, respiration, Electricity and
oy e oy o . oy epe . \ Heat Production
decomposition, nitrification/de-nitrification, industry 25%
enteric fermentation, and combustion that are 21%

driven by the biological activity and physical
processes.

Agriculture, Forestry
Transportation and Other Land Use

* AFOLU represents 20-24% of net anthropogenic
emissions, largest emission sector after energy.

* Mainly from deforestation, agricultural emissions

from soil and nutrient management and livestock.
Source: IPCC, 2014



Global agriculture emissions

 Contribution of
crops and livestock
activities to total o ectock e
global non-CO, 20%
emissions from
agriculture in 2018
(5.3 Gt CO,eq)

Enteric fermentation Synthetic fertilizers
39% 13%

Manure Burning

management CEVELLE
6% 5%

Drained
organic
soils,
non-CO2
2%

FAOSTAT Analytical brief 18,

2020



Agriculture emissions in the Caribbean

 Agriculture emissions across
the 9 Caribbean countries:

« Bahamas, Belize, Dominica,
Haiti, Saint Lucia, St Kitts and
Nevis, St Vincent and The
Grenadines, Suriname,
Trinidad and Tobago

« Approximately 9.5% of
economy wide emissions

Agricultural soils are important -
already being actively managed, and

so amenable to implementation of
improved practices

Indirect N20 from manure

management
2.5%

~ Rice cultivation
0.0%

Enteric fermentation
11.9%

Indirect N20 from
managed soils Biomass burning

18.6% 0.0%
Manure management

10.2% ~_Lime application

0.0%

_Urea application
0.8%

Direct N20 from

managed soils
56.1%




Exclusions from agriculture

* Agriculture in the inventory includes production emissions, i.e.,
on farm emissions, and does not extend to activities beyond the
farm gate

* Agriculture emissions do not include emissions from off-road
vehicles used for agriculture production
* These are dealt with under Transport in the Energy Sector
* CO, emissions from biomass burning can either be included

under Biomass burning in Agriculture (3C) or as disturbance
losses under Land (3B)

* All other non-CO, gases from biomass burning fall under 3C






Basic concepts: Methodology for estimating emissions

* For all gases the basic methodology is:

Emission Activity X Emission
Estimate - Data Factor

* Increasing the tier level increases the data
requirements and complexity of the equation

. Methods are the simplest, require least effort
T| e r‘ 1 and data, can provide default emission
factors but tend to be the most uncertain.
T- 2 Simple method but with more country
Ie r specific data included.
The most complex (often models), attempt to
Tl e r 3 reduce uncertainties the most but need country
specific data and more effort to compile). o

ALIX3TdINOD ONISVYIHONI




Basic concepts: Importance of higher Tier level methods

* Tier 1 uses default emission factors which:
* Provide a good first estimate
* May be over or underestimates
* Large uncertainties
* Don’t allow for any annual changes

* Tier 2 uses more detailed country
specific data which:

Provide more accurate estimates
for a country
Allow for emission factor
variation
* makes it easier to track policy
impacts and emission
reductions

d continental-scale
default

No change over time

Emissions /
Intake

Intake /
Animal

key productivity
measures
Can change
over time

specific values
if available

Number of animals

Source: GRA (n.d.) Livestock development and climate change
o

10



Basic concepts: Livestock population characterisation

* Enhanced livestock characterisation (Tier 2):

e Basic livestock characterisation

(Tier 1):
e Cattle -
* Dairy

Main category Subcategories

e Other
» Buffalo

* Sheep

e Goats
e Camels
* Horses

e Mules &

* Swine
* Market
* Breeding
* Poultry

* Chickens:
* Layers
* Broilers
* Turkeys/duc

e Other

asSSes

i

Mature dairy cow or
Mature dairy Buffalo

High-producing cows that are principally used for milk production
Low-producing cows that are principally used for milk production

Other mature cattle or
Mature non-dairy buffalo

Females

Males

Cows used to produce offspring for meat
Cows used for more than one production purpose: milk, meat, draft

Bulls used principally for breeding purposes
Bullocks used principally for draft power

Growing cattle or Growing
buffalo

Calves pre-weaning

Replacement dairy heifers

Growing/fattening cattle or buffalo post-weaning
Feedlot-fed cattle on diets containing >90% concentrates

Mature ewes

Breeding ewes for production of offspring and wool production
Milking ewes where commercial milk production is the primary purpose

Other mature sheep (>1yr)

Growing lambs

IPCC 2006, Vol 4

Intact males » /)
Castrates Chapter 10, Table 10.1
Females

Mature swine

Sows in gestation |

A finding from the 2018 voluntary peer

Sows which
Boars that ar|

S

Growing swine

review was to develop an enhanced
characterization

Nursery
Finishing
Gilts that wil
Growing boars that will be used for breeding purposes

Chickens

Broiler chickens grown for producing meat

Layer chickens for producing eggs, where manure is managed in dry systems
Layer chickens for producing eggs, where manure is managed in wet systems
Chickens under free-range conditions for egg or meat production




Basic concepts: Direct and indirect N,O emissions

* Occurs for both manure
management and managed soils

 Direct emissions:
e Directly from the soil to which
the N is added/released

* Indirect emissions
* N is transported from agricultural
systems (i.e., not where N was
applied):

* Via water through ground water
(leaching) and surface waters (runoff)
and

* Viaair where NH; and NO, are
volatilised and subsequently
redeposited

* These resultin further N,O
emissions at these deposition sites

HREEEr . TOCE TN 4 _r PN R )R |

Volatilisation ||

d Far| sars
—

g‘ Applied Organid I

Fertilisers

S Biomass B ng o

-

SRR | Soil Organic Matter
i |2 S ey

Comb

Urine and Dl.na? from
Grazing Animals

Mineralisation of

The relative sizes of
M inputs will vary from
country to country.

stion Emissions of N
a 4 N Volatilisation

P z et SR
- Fossil Fuel Ca  |ustion ) off B A i

* Storage and Management -
mur‘?ﬂvesiock Manure 1 kst

. ] Z
Direct g
Ninput || &

)
D
©
o)
(V)
=
(@)
<M7 )
g
m
g8
8

M Flows:

::> M Inputs to
Managed Soils

- Diract N.O
Emissions

ﬁ' N Volatilisation
and Combustion
Emissions, and
M Deposition

H]]]]]]]]D} M Leaching and
Hunoif

Indirect N.O
Emissians

Direct
emission

Histosol
Cultivation

Indirect
emissions



Basic concepts: Global warming potentials

¢ Deallng Wlth nOn'COZ Industrial , Second Fourth Fifth Assessment
designation Chemical formula I assessment Assessment Report (AR5)
gases so GWP are 5 cahoe Report (SAR) | Report (AR4)
Important Carbon dioxide Co; 1 1 1
. Methane CHy 21 25 28
e This converts the non- -
. . Nitrous oxide N20 310 298 265
COZ emission tO d COZ Substances controlled by the Montreal Protocol
equivalent so that cre-11 coiF 3,800 4750 4,660
values can be compared CFC-12 CClF» 8,100 10,900 10,200
. FC- | 14,4 9
across categories and Ohte b i 15
CFC-113 CCLFCCIF; 4,800 6,130 5,820
sectors
CFC-114 CCIF2CCIF; 10,000 8,590
CFC-115 CCIF.CF» 7,370 71,670
Halon-1301 CBrF; 5,400 7,140 6,290
Halon-1211 CBrCIF; 1,890 1,750
Halon-2402 CBrF,CBrF; 1,640 1,470
Carbon tetrachloride CCly 1,400 1,400 1,730
Methyl bromide CHsBr 5 2
Methyl chloroform CH1CCly 100 146 160



QuIZ

* Which of the following activities are covered under the AFOLU sector?

* Select one or more:

A. Emissions from storing and composting manure
Emissions from land conversions
Fuel consumption in agricultural equipment
Emissions from burning manure for fuel
Crop residue burning for harvesting and clearing
Agroprocessing emissions

Mmoo w

ANSWER




QuIZ

* Which of the following activities are covered under the AFOLU sector?
* Select one or more:

A. Emissions tfrom storing and composting manure

C. Fuel consumptionin agricultural equipment

D. Emissions from burning manure for fuel

. Crop residue burning for harvesting and clearing

F. Agroprocessing emissions



QuIZ

* Which of the following emissions are covered under the Agriculture
sector?

* Select one or more:

A. CH, from enteric fermentation

CO, emissions due to decomposition
CO, emissions from tractors

N,O emissions from urine and dung
CH, emissions from rice cultivation
CO, emissions from harvesting crops
N,O emissions from urea application

G MmO O ®

ANSWER



QuIZ

* Which of the following emissions are covered under the Agriculture
sector?

* Select one or more:
B. CO, emissions due to decomposition
C. CO, emissions from tractors
E. CH, emissions from rice cultivation
F. CO, emissions from harvesting crops

. N,O emissions from urea application



QuIZ

* What do you multiply your CH, emission estimates by to convert it to
CO, equivalents?
A. Molecular mass of CO,
B. Molecular mass of CH,
C. Global warming potential

ANSWER




QuIZ

* What do you multiply your CH, emission estimates by to convert it to
CO, equivalents?
A. Molecular mass of CO,
B. Molecular mass of CH,

C. Global warming potentia



Emissions from Livestock

3A. Livestock




Enteric fermentation




Enteric fermentation: Introduction




Enteric Fermentation Introduction

Ruminants Non-ruminants
Examples of ruminants Examples of non-ruminant

- Catlle livestock

* Bufalo + Horses

+ Goats

. Sheep « Mules

« Deer * Asses

- Camels + Swine

More Less

methane methane



Enteric: General Approach

General approach applies to all methodological tiers and can be performed
at varying levels of detail and complexity

Step 3:

For each

Step 4:

Sum emissions

Step 1: Step 2:

Divide livestock Apply EFs for
population into each subgroup
subgroups (kg CH,/head)

across all
livestock
categories

livestock type,
multiply
population * EF




Estimating enteric fermentation emissions

Emissions = Activity Data (AD) X Emission Factor (EF)

(Livestock population)

EQUATION 10. 1 ',

ENTERIC FERMENTATION EMISSIONS FR ! LIVESTOCK CATEGORY
Emissions

Where:

Emissions = methane emissions from Enteric Fermentation, Gg CH, yr! Conversion f actor

EF ) = emission factor for the defined livestock population, kg CHs head™ yr'
N = the number of head of livestock species / category T in the country

T = species/category of livestock

EQUATION 10.20
TOTAL EMISSIONS FROM LIVESTOCK ENTERIC FERMENTATION

Total CH P
i

Where:
Total CH,_ . = total methane emissions from Enteric Fermentation, Gg CH, yr!

E, = is the emissions for the i® livestock categories and subcategories



Enteric fermentation: Activity data

Population data is the activity data

Basic (Tier 1) or enhanced (Tier 2) livestock categories

N
Emissions = EF 7y * (T)‘

106

Poultry not included — enteric fermentation emissions are insignificant

Note that the emission factor unit is kg CH, per head per year
* Assumes population is alive for 365 days

This is not true for short lived (<1 year) livestock, such as poultry
* In this case we need to calculate the annual average population

Annual average population =

(Number of livestock produced in a year/365) * number of days alive

For example:

If we have 365 chickens produced in a year

Divide by 365 days in a year which gives us 1 chicken per day
per year

However, each chicken lives for say 45 day

This means that we multiply the 1 chicken per day by 45 to
get the number of chickens alive on any one day in that year
Now this can be multiplied by the emission factor

f Example for broiler chickens: \

For broiler chickens if 1 500 000 chickens are
produced in a year this does not mean on every
day there are 1 500 000 chickens

If the chickens live for 45 days then the average
number of chickens alive onany 1 day in a year =

k (1500 000/365) * 45 = 184 932 chickens J




Enteric Fermentation: Emission factors

 Tier 1 - requires default EFs ( ) for the livestock
subcategories according to the basic characterization
* |IPCC 2006 guidelines

Emissions =

* Tier 2 - requires country-specific EFs ( ) estimated for
each animal category based on the gross energy intake
estimated using the detailed data on:

* Average daily feed intake (MJ per day or kg per day of dry matter)
* Methane conversion factor (% of feed energy converted to CH,)

CH, EMISSION FACTORS FOR ENTERIC FERMENTATION FROM A LIVESTOCK CATEGORY

N
. [No
[106

Y
10

Gfof'%'!-sss |

EF = A S
[ 55.65

EF = emission factor, kg CHs head” }T'I

Where:

GE = gross energy intake, MJ head™ day’
Y, = methane conversion factor. per cent of gross energy in feed converted to methane

The factor 55.65 (MJ/kg CHy) is the energy content of methane

EQL'_«\TIO.\'IO-.ZI - - [ * (—) x 365

55.65

|

|



Enteric fermentation: Gross energy intake (Tier 2)

Emissions = EF * N(T)-
- () 106
GE * (1YT’") * 365
* Animal performance and diet data are used to estimate feed intake, wiE1 = cE e
amount of Gross Energy (MJ/day) an animal needs for
maintenance and for activities such as growth, lactation, and pregnancy
* The feed intake in kg day! should be calculated by converting from GE in energy
units to dry matter intake (DMI), by dividing GE by the energy density of
the feed
DMI (kg DM/day) = GE (MJ/day)/Energy density of feed (MJ/kg DM)
DMI = GE/18.45

Quality check: DMI should be about 2% to 3% of body weight of mature or
growing animals. In high producing milk cows, it can be as much as 4%




Enteric fermentation: Gross energy intake calculation

.y N
Emissions = EF ;) * 106
EQUATION 10.16 m
GROSS ENERGY FOR CATTLE/BUFFALO AND SHEEP GE = (m) * 365
[( NEp+NE, + NEy + NEypoi + NE, | ( NEg + NE o EF = T e
- l REM +[ REG ]

i DE%
100

Where:
GE = gross energy. MJ day™
NE_, = net energy required by the animal for maintenance (Equation 10.3), MJ day™
NE, = net energy for animal activity (Equations 10.4 and 10.5). MJ day™
NE, = net energy for lactation (Equations 10.8. 10.9, and 10.10), MJ day']
NEua = net energy for work (Equation 10.11), MJ day™
NE,; = net energy required for pregnancy (Equation 10.13). MJ day?

REM = ratio of net energy available in a diet for maintenance fo digestible energy consumed (Equation
10.14)

NE; = net energy needed for growth (Equations 10.6 and 10.7). MJ day™

NEyo: = net energy required to produce a vear of wool (Equation 10.12), MJ day'l

REG = ratio of net energy available for growth in a diet to digestible energy consumed (Equation 10.15)
DE%= digestible energy expressed as a percentage of gross energy



Enteric fermentation: CH, conversion factor

Tasrr 10.12
CATTLE/BUFFALO CHy CONVERSION FACTORS (Yy )

Livestock category Y. "
Feedlot fed Cattle ® 3.00 +1.0%
Dairy Cows (Cattle and Buffalo) and theiwr voung 65.5% + 1.0%
Other Cattle and Buffaloes that are primanly fed low quality crop residoes and by- o .

: 6.35% + 1.0%
products
Other Cattle or Buffalo — grazing 6.5% + 1.0%

* When fed dists contain 90 percent or more concentrates.

* The * vahues represent the rangs.
Source: [PCC Expert Group.

1.Y,, = extent to which feed energy is converted to CH,

N

T Ny

missions * [106

cE - (m) % 365
55.65

2. High digestibility/ high energy feed = use lower bounds; poorer feed use higher bounds

3.Y,, =0 for all animals consuming only milk (e.g., lambs and calves)



Enteric

fermentation

Enteric fermentation method summary

Tier 1

Tier 2

Activity
data

Emission
factors

Activity
data

Emission
factors

Basic
characterisation of
livestock population

IPCC default

Enhanced
characterisation of TSN D;t; for GE|
livestock population

Country specific EF
calculated based on
GEl and MCF

Weight
Feeding situation
Milk production
Fat content of milk
Hours worked
Wool production
% females giving birth

Number of births

Feed digestibility



Questions?



Exercise 1 — Calculate CH, emissions

if y

f'u'Tﬂ-} ]
108

IPCC Equation—10.19

Emissions = EFy *

How much GgCH, will be emitted by 1345 dairy cows ina vyear?

Given EF = 68 kgCH, /head/year



Exercise 1 — CH, emissions - Answer

I 5

‘MI:T} ]
- 10°

Emissions = EFiTy *

Emissions = 68 * 1345/1000000
=91460/1000000
= 0.09146

Emissions from Dairy Cows = 0.09146 GgCH,/year



Exercise 2 - Estimate CO, equivalent of CH, Emissions

if y

‘MI:T} ]
108

Equation—10.19

Emissions = EFiTy *

* How much CO, eq will be emitted by have 6,295 buffalosina year?

D N(T) = 6,295
J EF;) = 55kg CH, /head/yr
d GWP of Methane = 28

* Report your emissions in Gg CO, eq.



Exercise 2 — Estimate CO, equivalent of CH,
Emissions Answer

if y

f'u'Tﬂ-} ]
108

Emissions = EFy *

Emissions =55 * 6295/1000000
= 346225/1000000
=0.346225 GgCH,/yr

Emissions = 0.346 * 28 =9.69 GgCO, eq.

CO, eg. Emissions from Buffalos = 9.69 GgCO,/year



Dairy cattle manure management lagoon in
Louisiana, USA

e

Manure pile in Austria

Manure Management




Emissions from Livestock

!:3A. Livestock¥

R,

r 4
y 4
i
A
A
%
N\
N




How do manure management systems produce GHGs?

 Manure management refers to the capture, storage, treatment, and
utilization of manure

* CH, and N,O are produced directly from Manure Management
systems (MMS) due to manure decomposition

* N can also leach or be volatized from MMS leading to indirect N,O
emissions

* Key MMS emission determinants:
* Aerobic vs anaerobic
* Liquid vs solid
* Temperature and storage time

38



Manure Management Systems (MMS)

* Spread daily on croplands or pastures « Stored in pits below animal

e Stored as a solid in stacks confinements

« Stored ona dry lot * Managed in an anaerobic digester

« Burned for fuel
* Managed as a liquid or slurry in tanks or

ponds * Composter
« Managed in an uncovered anaerobic * Managed with or without litter (for
lagoon poultry)

* Aerobically treated

://www.ctc-n.org/technologies/manure-management



http://www.ctc-n.org/technologies/manure-management

Manure Management: CH, emissions

Emissions = Activity Data (AD) X Emission Factor (EF)

(Livestock population)

Sum each livestock emissions

1) T % for total emissions
' |
Where: Conversion factor

CHpanwe = CH, emissions from manure management, for a defined population, Gg CH, yr
EFp, = enussion factor for the defined livestock population, kg CH, head™ yr!

N = the number of head of livestock species/category T 1in the country

T = species/category of livestock



Manure Management (CH,): Emission factors
* Tier 1:

* Relies on default methane emission factors for manure

management by livestock category or subcategory

» Default emission factors represent the range in manure volatile solids
content and manure management practices used in each region

e Tier 2:

* Relies on two primary input parameters that affect the
selection of methane emission factors from manure
* Manure characteristics and
* Manure management system (MMS) usage



Manure Management (CH,): Tier 2 EF

* Need: Manure characteristics (volatile solids; CH4 producing capacity)

ACTIVITY DATA

1QUATION 10.23

0.67kg/m° oY

OR FROM MANURE MANAGEMENT

MCF;5 S
& 100 SENT.SK)

Where:

EF 7 = annual CH; emussion factor for livestock category T, kg CHy animal
VS = daily volatile solid excreted for livestock category T. kg dry matter 3

365 = basis for calculating annual VS production, days yr’

B,q = maximum methane producing capacity for manure produced by live

of VS excreted
0.67 = conversion factor of m* CH, to kilograms CHy

MCF sy = methane conversion factors for each manure management syst

MSq sy = fraction of livestock category I's manure handled using ma

climate region k. dimensionless

S by climate region k. %

e management system S in

Need: MMS usage data (portion of manure managed in each MMS

for each representative animal species

)




Manure management CH, method summary

Activity
data

Tier 1

Emission
factors

Manure
management

CH4

Activity
data

Tier 2

Emission
factors

Basic characterisation of

livestock population

IPCC default

Enhanced
characterisation of
livestock population

Country specific EF
calculated based on
manure and manure
management system

characteristics

Manure
characteristics

Manure
management
system
characteristics

Data for GEI

Amount of volatile
solids produced
(country specific or
calculated)

Urinary energy (IPCC
default or country
specific)

Ash content of manure
(IPCC default or

BRI Elaty country specific)

produced from that
manure (IPCC default
or country specific)

Estimate of portion of
manure handled by
each MMS for each

livestock

MCF for each manure
management system

(IPCC default or
country specific)




QuIZz

* If you wanted to improve the Tier level for manure management
which factors would you focus on?

A. Activity data
B. Emission factors

ANSWER




QuIZ

* If you wanted to improve the Tier level for manure management
which factors would you focus on?

A. Activity data

B. Emission factors




Questions?



Manure Management (N,O)



N,O Emissions from Manure Management

Direct N,O emissions Indirect N,O emissions

Result from nitrification / * Result from volatilization of

denitrification of nitrogen in the nitrogen in the form of

manure ammonia and NOx

N,O emissions affected by: * The amount of volatilization is a
- Amount of manure produced function of storage time and to

, a lesser extent, temperature
Nitrogen content of manure

* Indirect N,O emissions also
Manure management system through leaching and run-off ;
Duration of the storage however, 2006 GL provide only
Tier 2 method



What is not included under Manure Management?

* The following N,O emissions are  parecomie oo Hee ARDSING

included under agricultural soils,
not manure management

a. Direct N, 0O emissions from managed soils

* Manure applied to soils as
organic fertilizer

1. Inorganic N fertilizers®™’

2. Organic N fertilizers™
* Manure d e posited on f| e I ds a. Animal manure appliedto soils /
frO M an | Ma I SoNn pa stu re, b. Sew age sludge applied to soils

Ffan ge dan d p d d d OC k . Other organic fertilizers applied to soils
3. Urine and dung deposited by grazing animals t

4. Cropresidues

9. Mineralizationdimmobilization associated with lossigair
(4)(%)

of soil organic matter



Direct N,O Emissions from Manure

Management: General Approach

General approach applies to all methodological tiers and can be performed
at varying levels of detail and complexity

Step 1:

Divide livestock

population into
subgroups

Step 2:

Apply default or CS
values for nitrogen
excretion
rate/head for each
subgroup

Step 3:

Use default values
or determine
fraction of total
Nitrogen excretion
for each livestock
in each manure
mgmt. system
(MMS)

Use default values
or develop N,O EFs

for each MMS

Step 5:

For each MMS
multiply EF *
nitrogen managed
in that system




Direct N,O from Manure Management

EQUATION 10.25
DIRECT N,O EMISSIONS FROM MANURE MANAGEMENT

4 '— ‘ r s . \ 44
N>Op(mm) = %.;L\‘(r)"xm(r)'-"15(15).’.'51’3(5) *>8

Where:

N,Op(mm) = Direct N,O emissions from Manure Management in the country, kg N,0 yr!

N = number of animals/category T in the country

Nexm = annual average N excretion/head of species/category T, kg N animal? yr!

MS,;s) = fraction of total annual N excretion for each livestock species/category T that is
managed in manure management system S

EF35)= Emission factor for direct N,O emissions from manure management system S in
the country, kg N,O-N/kg N in manure management system S

S = manure management system

T = species/category of livestock

44/28 = conversion of (N,O-N)(mm) emissions to N,O(mm) emissions



Manure Management N,O: Manure allocation

Urine and dung

- : inputs to

managed soils

Manure
Pasture, range

and paddock

emissions

Organic
inputs to
managed

soils
Faw

AAAAA

Apphedto soils

mmmmmmmmmm



Manure Management N,O: Direct emissions

Emissions = Activity Data (AD) X Emission Factor (EF)
(Population, N excretion rate,
manure management data)

N2Op(mm) =

Where: .

) o _ : Conversion factor
N2Opyuum) = direct N,O emussions from Manure Management in the country, kg N,O yr’
N = number of head of livestock species/category T in the country

Nexn= annual average N excretion per head of species/category T in the country. kg N animal™” yr*

MS; 5= fraction of total annual nitrogen excretion for each livestock species/category T that 1s managed
in manure management system S in the country. dimensionless

EF3() = emussion factor for direct N;O emissions from manure management system S in the country, kg
N,O-N/kg N 1n manure management system S

S = manure management system
T = species/category of livestock

44/28 = conversion of (N20-N)m) emissions t0 NoO gy emissions



N,O Conversion note
Note on conversion factor

* Calculations give output as N,O-N and this needs to be
converted to N,O

N,0 = N,0 — N %
28

* Appliesto all N,O emission equations



Manure Management Direct N,O: Activity data (T1)

44
*EF3s) ("5

. Emissions ={€ | @ (N * Nex ¢y * MSr
e Tier 1 { > | T( ™) ) * MSs) )-

* Animal population data according to basic characterization
* Default or country specific manure management system

usage data
* Annual nitrogen excretion rates which can be calculated
from:

* Default daily N excretion rate
» Default or country specific typical animal mass

EQUATION
ANNUAL N EXCRE

e IPCC default

Nexr = annual N excretion for livestock category T kg N animal” yr’
N = default N excretion rate. kg N (1000 kg animal mass)” day™ (see Table 10.19)

TAM, = typical animal mass for livestock category T. kg animal™



Manure Management Direct N,O: Activity data (T2)

* Tier 2
* Animal population data according to enhanced characterization

e Country-specific manure management system usage data from
national statistics or independent survey

e Country specific nitrogen excretion defined by the livestock
population characterisation based on total annual N intake and
total annual N retention data of animals.

44

© (N * Nex gy * MS(r5) ) 8

Emissions = {0
T

S

*EFxﬂ}*



Manure Management Direct N,O: Emission factors

1 44
@ Ny x Nexry MS(T,S))] : EF33(5>} *58
o T o

Emissions = {0

S

* Tier 1
» Default emission factor from IPCC Guidelines
* Emissions factors are per MMS not per livestock

* Tier 2
e Country specific emission factor (measured)



Manure management direct N,O method summary

IPCC default N
excretion rate

Nitrogen excretion |

rate
Basic characterisation

Activity data e of livestock
population

Typical animal

. . mass
Estimate of portion

of manure handled
by each MMS

Tier 1

Emission
factors

IPCC default

Manure
management

Data for GEl
Annual N intake

Crude proteinin

diet

Milk production
growth

Rate of weight
gain

direct N20

Nitrogen excretion
rate

Enhanced
Activity data SEEEEEEE  characterisation of

Fraction N intake
retained (IPCC
default or
calculated)

livestock population Estimate of portion of

Tier 2

manure handled by
each MMS

. IPCC default (or
Emission country specific

factors derived from
measurements)



Indirect N,O from manure management



Manure Management Indirect N,O: Volatilisation (Tier 1)

Emissions = Activity Data (AD) X Emission Factor (EF)

EWUATION 10.27 /
INDIRECT N;O EMISSIONS DUE TO VOLANILISATION OF N FRAAL MANURE MANAGEMENT
N30 mm Conversion|factor
EQu¥ION 10.26 IPCC

default
values

——

Where:

Nuolatilizasonaovs = amount of manure nitrogen th it 1s lost due to volatilisation of NH; and NO,.. kg N5 —

N1 = number of head of livestock species/cate fory 7 in the country
Nexm= annual average N excretion per head g |species/category T in the country. kg N animal™” yr'!

1on for each livestock species/category T that is managed
try. dimensionless

MS 5, = fraction of total annual nitrogen ex
in manure management system S in the co

Fracg.ags = percent of managed manure nitrog

for livestock category T that volatilises as NH; and NO;
in the manure management system S, %

TION 10.25
FEOM MANURE MANAGEMENT

EQ
DIRECT N,0 EMISSIO!

NHOp

5

[ —
28




Manure Management Indirect N,O: Volatilisation (Tier 1)

TABLE10.22
DEFAULT VALUES FOR NITROGEN L0%S DUE TO VOLATILISATION OF NH; AND NOQ, FROM MANURE
AMANAGEMENT
N loss from MMS due to volatlisation of
- Animal type Manure management svstem (MMS) * N-NH; and N-NO; (%) ®
Fra Cgasims = PErce nt of man aged Fraceas (Range of Fracome)
manure nitrogen for livestock ST F———— 0 557
HR Pit st 25% (15-30)
category T that volatilises as e
Deep bedding 40% (10— 60)
NH; and NO, in the manure Liquidisturry 4% (15-60)
0 Solid storage 45% (10 -65)
Ma nagement system S , % Dairy Cow | Amacrobic tagoon 5 Q0-50)
Liquid/Shurry 40% (15-45)
Pit storage 28% (10 —40)
Dry lot 20% (10-35)
Solid storage 30% (10 —40)
Daily spread 7% (5-60)
- Poultry Poultry without litt 55% (4070
EF = 0.01 kg N,O-N for all i e
Anaerobic lagoon 40% (25-75)
MMS (see equation 10.27 Pouty with e % 00-60
Other Catfle | pry jot 30% (20 - 50)
Of 2006 G L) Solid storage 45% (10-65)
Deep bedding 30% (20 -40)
Other © Deep bedding 25% (10— 30)
Solid storage 12% (5-20)




Manure Management Indirect N,O: Volatilisation (Tier 2)

* Follow the same equation as for Tier 1 but include country
specific data for some of the variables, such as:
* Nitrogen excretion rates
* NH; emissions from an NH; inventory (if a country has one)

* Requires a detailed characterisation of the flow of nitrogen
throughout the animal housing and manure management
systems



Manure management indirect N,O method summary

IPCC default N
excretion rate

Nitrogen excretion
rate

Typical animal

! - ) mass
Basic characterisation SSIMETS Ol [Pl

o . f manure handled
Activity data S of livestock o
population by each MMS

Tier 1

Fraction of MM

Emission nitrogen that
factors [EEEEE volatilises as NH3 and

NOXx (IPCC default)

Data for GElI
Annual N intake

Crude proteinin

diet

Milk production
% protein in milk

Manure
management

Nitrogen excretion
rate

indirect N20

Fraction N intake

Estimate of portion of retained (IPCC

manure handled by

h default or .
each MMS calculated) Weight gain Current weight
Enhanced
Act|v|ty dato — I.charactllarlsatllon.of Eraction of MM EE— Vot "
ivestock population nitrogen that growth ature weig
H volatilises as NH3 and
Tier 2

NOXx (country specific)

. IPCC default (or Rate of _weight
Emission country specific ) gain
factors derived from Fraction of MM

measurements) nitrogen lost due to
runoff and leaching
(country specific)

68



Quiz

 Why is it particularly important to improve the accuracy of livestock
population and manure management usage data?

Enteric

fermentation
Livestock .
population data |
. Manure

management




Questions?



Data collection template for the Agriculture sector

Typical Animal Nitrogen excretion

Category species

IPCC Classification IPCC Sub category characterization Mass (kg/head) E— 2006 2007
Livestock Livestock Annual Activity Data Annual Activity Dj
Enteric Manure If not estimated write NE or If not estimated write
Fermentation Management if not occuring (NO). if not occuring (N
2
Source: 2006 IPCC Source: List of species|Source: Default Source: Default Annual [Type of manure Annual (Type of manyg
Guidelines assigned to IPCC IPCC walues for IPCC wvalues for average [management system |average [management
category, per the Typical Animal Nitrogen excretion [number number
country's basic Mass (TAM) are (Nex) rate per of head |Select from list of head |Select from li
characterization of built into the IPCC animal per year are below, source: 2006 below, source
livestock software. If TAM is built into the IPCC IPCC Guidelines, IPCC Guidelin
known, report it software. If Nex is Table 10.18). (Add Table 10.18).
here. If not known |known, report it FrOwWS as necessary FroOws as neces
apply default. here. If not known for multiple MMS for multiple N
apply default. per livestock type) per livestock
3
4 3.A
5 3.A.1 3.A.2
6 |3.A.1. 3.A.2.a Cattle
7 |3.A.l1.a.i 3.A.2.a.i Dairy Cows
8 |3.A.1.a.ii 3.A.2.a.ii Other Cattle
9 3.A.1.b 3.A.2.b Buffalo
10 [3.A.1.c 3.A.2.c Sheep
11 [3.A.1.d 3.A.2.d Goats
12 |3.A.1.e 3.A2.e Camels
13 |3.A.1.f 3.A.2.f Horses
14 |3.A.1.g 3.A2.g Mules and Asses
15 [3.A.1.h 3.A.2.h Swine
16 |[Not applicable (3.A.2.i Poultry
17 |3.A.1.j 3.A.2.j Other (please specify)
18
19 Manure Mangement System Description of manure management system
Pature/Range/Paddock The manure from pasture and range grazing animals is allowed
to lie as deposited, and is not managed
20
Manure is routinely removed from a confinement facility and is
applied to cropland or pasture within 24 hours of excretion
21 |Daily spread
The storage of manure, typically for a period of several months,
in unconfined piles or stacks. Manure is able to stacked due to
“ » ... | Livestock & Manure Management | Biomass burning | Soils | Rice cultivation | Harvested Wood Product Supplement-Croplan ... @& « I:I >
teady ER HFl - 4+ 1170%







Source of Direct and Indirect N,O Emissions

°N,O is produced naturally in soils through the processes of
nitrification and denitrification.

*N,O emissions a function of the availability of inorganic N in the soil.

*Direct N,O emissions are from human-induced net N additions to
soils (e.g. synthetic or organic fertilizers, deposited manure, crop
residues, sewage sludge), or of mineralisation of N in soil organic

matter following drainage/management of mineral soils, or
cultivation on organic soils.

Indirect N,O emissions from volatilization and leaching and runoff.



Managed soils: Introduction

N,O produced through the processes of
nitrification and denitrification

Denitrification §

Emissions occur directly from the

soils where the N is applied
e

Emissions occur indirectly through volatilisation of
NH; and NO, in the atmosphere and the subsequent

deposition of N to soils and waterbodies
N

Emissions occur indirectly through leaching and runoff of
N, mainly as NOj5’, to groundwater and surface water

Source: De Klein CAM, Pinares-Patino C, Waghorn GC (2008). Greenhouse gas emissions. Book chapter.

Direct and indirect N,O emissions

N fertiliser and

effluent NH;

Nitrous Oxide

(N20) Volatilisation

N, Deposition

fixation

sooe0e0o00e

¢
°
°
o, °
. °
fv0000000000°"®

Nitrification

Environmental Impacts of Pasture-Based Farming, pg 1-32 7



Managed soils: Nitrogen inputs

\ N
@ Synthetic fertilisers (Fsy)

\

@ Organic fertilisers (Foy)

—

Le?

rop residues (Fcg,

/

@ Vitneral soils (Fsom

/

@ Vianaged organic Soils (Fqos
/

VERDNILE On pasture, range and paddocks (Fprp

78



Managed soils: Direct N,O

EQuATION11.1
DIRECT N,O EMISSIONS FROM MANAGED SOILS (TIER 1)

N,Op,...—N = N,0-N + N,O-N,g + N,O-Nppp

N inputs

N,Opirect =N = annual direct N,O-N emissions produced from agricultural soils, kg N,O-N yr
N,O—Nyinouts = @annual direct N20-N emissions from N inputs to agricultural soils, kg N20-N yr
N,O-Ngs = annual direct N,O-N emissions from agricultural organic soils, kg N,O-N yr

N,O-Npgp = annual direct N,O-N emissions from urine and dung inputs to grazed soils, kg N20-N yr’

* Calculations give output as N,O-N and this needs to be
converted to N,O

N,0 =N,0— N %
28
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Managed soils direct N,O: Nitrogen inputs Tier 2

NZOID_ N = + NZO_Na:g+ NZO—NPRP

e ForaTier 2 of N inputs more detailed activity and emission
factor data are required:
e There are different emission factors for:
e Synthetic and organic fertilisers and
e Crop residues and SOM

EQUATION 11.2
DIRECT N,O EMISSIONS FROM MANAGED SOILS (TIER 2)

Ny Opireer—N = S (Fsy + Fow ); ® EF; + (Feg + Fsop )* EF, + N,O-Npg + N>O-Npgp
1
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Managed soils direct N,O: N-input emission factors

Nzam— N = Np_NN F+ NZO_Na5+ NZO—NPRP

* |PCC default values are provided

NNO — Ny g

= [(Fsn + Fart Fer + Fsoom) * EF 1]
+ [(Fsn+Foon + Fcr + Fsoom)rr * EF11rr] |

TaBrell.l
DEFAULT EMISSION FACTORS TO ESTIMATE DIRECT N;O EMISSIONS FROM MANAGED SOILS

Emission factor Default value Uncertainty range

EF, for N additions from mineral fertilisers. organic

amendments and crop residues. and N mineralised from 0.01 0.003 - 0.03

mineral soil as a result of loss of soil carbon [kg N,O-N (kg ; 3 .

Ny

EF gz for flooded rice fields [kg N,O-N (kg N)*] 0.003 0.000 - 0.006

EF; ¢, Temp for temperate organic crop and grassland soils (kg 8 594
N,O-N ha™) et

EF>cq. m,p_lfor tropical organic crop and grassland soils (kg 16 5_48
N,O-Nha™)

EFy T@_%Rfor temperz.xlte and boreal organic nutrient rich 0.6 0.16-24

forest soils (kg NO-N ha™)

EFE Tenp, Orz. P for tem?enﬁe and boreal organic nutrient poor 0.1 002-03

forest soils (kg NoO-N ha™)

EF 2, 1rop foOr tropical organic forest soils (kg N;O-N ha™) 8 0-24

EF 3prp, cpp for cattle (dairy. non-dairy and buffalo). poultry ’

and pigs [kg N20-N (kg N’ 00z 0040

EF 3pap, 5o for sheep and “other animals™ [kg N,O-N (kg N)™] 0.01 0.003-0.03
Sources:
EF:: Bouwman et al. 2002a.b; Stehfest & Bouwman. 2006; Novoa & Tejeda, 2006 in press; EFirs: Akivama ef al., 2005; EFacg, Teep.
EFacc, Trop: EF2r Trop: Klemedtsson ef al.. 1999, IPCC Good Practice Guidance, 2000: EFsf, 1ap: Alm ef al., 1999; Laine ef al.. 1996;
Martikainen ef al.. 1995; Minkkinen ef al. 2002: Regina ef al.. 1996: Klemedtsson ef al.. 2002; EF; cpp, EF; 5o: de Klein, 2004.
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Managed soils direct N,O: N-input activity data
summary

o ACt|V|ty data: Synthetic fertiliser consumption data (F,)
— F should be collected from official statistics
SN (e.g. national bureaux of statistics) or

e Amount of synthetic N fertiliser applied to soils International Fertiliser Industry

Association (IFIA), FAO
I:ON

e Animal manure inputs (from livestock manure management)
e Amount of sewage sludge N applied to soils
e Amount of compost N applied to soils

e Amount of other organic N inputs to the soils

FCR
* Harvested dry matter Fcq from crop production data

« Total annual area harvested  (national or FAO) and IPCC

Crop residue management default fractions

For soils and

Fsom flooded rice
— Change in soil carbon due to land management

82



Direct N,O from managed soils method summary

Amount of manure available
for application (see manure
management data)

Amount of animal manure applied

Amount of synthetic fertiliser applied

Amount of organic fertiliser applied

Fraction of manure used for
feed, fuel and construction

Amount of sewage sludge applied

Amount of compost applied

Amount of other organic fertiliser applied
Harvested dry matter yield

Activity _ :
data '. Amount of crop residue N input

Crop management data Fraction renewed

Fraction removed

Average annual loss of soil carbon by land

N inputs due to loss of soil carbon
class

Area of organic soils

Amount of urine and dung applied (see

N input from urine and dung g

Direct N20

Emission IPCC default

factors

from MS

o As for Tier 1 but enhanced
ACtIVIty categorisation (e.g. inclusion of N
data source, crop type, management, climate,
soil)

Emission Country specific EF for each of the
factors enhanced categories
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Indirect N,O from managed soils



Managed soils indirect N,O: Introduction

\ N
@ Synthetic fertilisers (Fsy)

\
@ Organic fertilisers (Foy) Indirect due to
S volatilisation
\

Indirect due

to leaching

and runoff

Crop residues (Fcgr)

/

&

ineral soils (Fsom

danNaged organic SOIIS (Fps

4
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Managed soils indirect N,O: Volatilisation

Collected for direct N,O
emission estimates

Emissions = Activity Data (AD) X Emission Factor (EF)

NAGE 2 0ILS (TIER 1)

IPCC default values
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Managed soils indirect N,O: Leaching and runoff

Collected for direct N,O
emission estimates

Emissions = Activity Data (AD) X Emission Factor (EF)

QUATION11.10
N,O FROM N LEACHING/RUNOFF FRQM MANAGED SOILS IN REGIONS WH}ZRE EACHING/RUNOFF

P

JV‘)O(L) .:V— N +FO’V +FPRP +FCR +FSO

IPCC default values

87






Biomass burning: Introduction

* Includes the emissions of gases from
burning due to:

e Crop harvesting or clearing
* Crop residue burning

 Wild and controlled fires s"';

* From all land classes (Forest lands, P "'rjodu”n
< 4 ' er Primary Fro
croplands, grasslands, wetlands) . > (CO, uptake)

: .. LA N,0, NO,
* Does not include emissions from = 84 e CH. 4 co,, co, NMvoC
burning biomass as a fuel LN (v=°
* This is reported under energy Fie CH. N ezl = ¢

y [ fixation
s

Soil respiration @ ° P\\

Soil Carbon




Biomass burning: Methodology

Emissions = Activity Data (AD) X Emission Factor (EF)

Biomass consumption

Lz = amount of greenhouse gas emissions from fire, tonnes of each GHG e.g.. CHy, N>O, etc.
A =area bumt. ha

Mz = mass of fuel available for combustion, tonnes ha™. This includes biomass. ground litter and dead

wood. When Tier 1 methods are used then litter and dead wood pools are assumed zero. except
where there 1s a land-use change (see Section 2.3.2.2).

C; = combustion factor. dimensionless (default values in Table 2.6)
Ges = emission factor, g kg™ dry matter bumt (default values in Table 2.5)

Note: Where data for My and C; are not available. a default value for the amount of fuel actually burnt
(the product of Mg and C; ) can be used (Table 2. 4) under Tier 1 methodology.



Biomass burning: Activity data

 Area burnt:

e Data often obtained from satellite data (such as MODIS)
* Wildfires and controlled fires together
* Need burnt area per land type and, if available, per land conversion
e Controlled fire data often difficult to separate out
 Satellite data often too course for this
* Ground-based data such as from forest inventories, plantation companies, croplands

* Report wildfire and controlled fires separately if possible

e Mass of fuel available for combustion

* Includes biomass and DOM
e |PCC default biomass data
e Country-specific data (Tier 2) — co-ordinate with land sector compiler
* For crop residues only residues burn therefore need data on residue ratios

e Combustion factors

» Defaults provided by IPCC
e Country-specific values (Tier 2)



Biomass burning: Emission factors

* |[PCC provides default emission factors
* Country-specific emissions factors can be applied for a Tier 2 approach



Biomass burning method summary

Burnt area by land type

Activity data Mass of fuel available for
burning

Combustion fraction
(IPCC default)

Emission

p IPCC default
actors

Burnt area by land type

o Mass of fuel available for
Activity data burning (country specific)

Biomass burning

Combustion fraction

(country specific)

Emission

factors Country specific EFs



CO, from lime and urea application



Lime application: Introduction
CaCo,

In moist soil, calcium carbonate
from lime ionises (separates)
into calcium and carbonate ions

CO;

3
lonised calcium binds C g
to soil constituents C
H+
Excess hydrogen ions
(causing acidic soil) react Ht
with carbonate to form
water and carbon dioxide
Carbon dioxide is released C02 Hydrogen ions that were
into the soil air H O contributing to soil acidity are

2" chemically bound in soil water



Lime application: Methodology

Emissions = Activity Data (AD) X Emission Factor (EF)

(Lime conSW\v\vption) / \(IPCC default factors)
EQUATION 11.12
5 FROM LIMEARRLICATION
@ FDoIomite

ANNUAL CO:EMISSIO

COZ_C EmiSSiOn = MLimestone
CO-~C Emission = annual C emissions from lime application, tonnes C yr.
M = annual amount of calcic limestone (CaCO:s) or dolomite (CaMg(CQO:s).), tonnes yr.
EF = emission factor, tonne of C (tonne of limestone or dolomite) 4




Urea application: Introduction

Urea production : CO, is fixed during the production

2NHg(g) + COx(g) —> HoN—CO; NH, (s)
ammonium
carbamate l

Ho,N—CO—NH, + H,O(g)

urea

Urea application to soil : CO, released when water applied

NH,CONH, + H,O + heat —— 2NH; + CO,
urea water ammonia carbon dioxide
Nitrification l o
Urea application
(CO,)

Direct N20 emissions

N,O emissions



Urea application: Methodology (CO,)

Emissions = Activity Data (AD) X Emission Factor (EF)
(Urea consumption) (IPCC default factors)

EQUATION 11.13

ANNUAL CO:EMI UREAAPPLICATION

CO.~C Emission

CO-—C Emission = annual C emissions from urea application, tonnes C yr.
M = annual amount of urea fertilisation, tonnes urea yr.
EF = emission factor, tonne of C (tonne of urea)-



CH, from rice cultivation




Rice cultivation emissions: Introduction

Dry Rice Fields Flooded Rice Fields

Small amount of methane emissions Large amount of methane emissions

Methane

e L ._Methane

Methane NI Methane
Water

Sediment

@ Fioh production VS
¥ e
®e
Oxidized State Carbon dioxide Reduced State
Methanogen Acetate etc, Methanogen
The oxidized soil suppresses the activities In anoxic environments, methanogens
of methanogens. actively form methane.




Rice cultivation: Methodology (T1 & T2)

Emissions = Activity Data (AD) X Emission Factor (EF)
(Harvested area,
cultivation period)

CH4rice = annual methane emissions from rice cultivation, Gg CH,4 yr'l
EF;; = a daily emission factor for 7. j. and k conditions, kg CH, ha* day™
t;z = cultivation period of rice for 7, j, and k conditions, day

A, = annual harvested area of rice for 7. j. and k conditions, ha yrt

i, j. and k = represent different ecosystems. water regimes, type and amount of organic amendments. and
other conditions under which CH4 emissions from rice may vary

34



Rice cultivation: Area divisions

_ _ o _ CHy pope= @(EFiijj i * tijj * Auijjge * 107°)
 Classify the rice land area into its various types: ik

* For Tier 1 should be split into at least 3 baseline water regimes:
* Irrigated
* Rainfed
* Upland
* Encouraged to include as many of the cultivation characteristics as possible:
e Regional differences in rice cropping practices
e Multiple crops

e \Water regime:
e [Ecosystem type

e Flooding pattern

Organic amendments to soils

Other conditions: * Soil type

* Rice cultivar

* Sulphate containing amendments 35



Rice cultivation: Activity data

CHy popee= @ (EFppjji * tiijjx * Aiijjje * 107°)
DDjjk
* Once area has been divided into the various
categories, activity data is required for each of these
areas:

e Harvested area
 Cultivation period

* Also need to collect data for EF adjustments:
 Amount of organic amendment applied

* Note: Remember that nitrogen input data will also
be required in the estimation of direct and indirect
emission calculations

 calculation component specific for flooded rice



Rice cultivation: Emission factors

CHy pope= @ (E i1 jj 1 * topjk * Appjge * 1076)
DDjjk

EQUATION 5.2
ADJUSTED DAILY EMISSION FACTOR

EF, =EF, *SF, oSF, o SF, o SF,,

EF; = adjusted daily emission factor for a particular har ar
EF. = baseline emission factor for continuously flooded fi withoutherganic amendments

SF,, = scaling factor to account for @ference;/ in y(ate r eginle duriyg the cultivation period (from
Table 5.12)

/ _/ \ AN
SF,, = scaling factor to account for the@enﬁs in ﬁater regime in\he pre-season before the cultivation>
period (from Table 5.13) / / T

SF, = scaling factor should vary for bo e anc}/amount of organic amendment apl@bom Equation
5.3 and Table 5.14)

SF,; = scaling factor@type. rice cultivar, etc., if available




Rice cultivation: Emission factors

CHapope= Q@ (L i jj 1 * topjr * Appj * 1076)

EQUATION 5.2 )
DDjjk

ADJUSTED DAILY EMISSION FACTOR

/ No default values:
Include if data available

IPCC defaults
are provided
EQUATION 5.3
ADJUSTED CH  EMISSION SCALING FACTORS FOR ORGANIC AMENDMENTS

0.59
SF, = ( 1+ ROA, ¢ CFOA,

SF, = scaling factor for both type and amount of organic amendment applied

ROA; = application rate of organic amendment 7. in dry weight for straw and fresh weight for others,
-1
tonne ha

CFOA,; = conversion factor for organic amendment 7 (in terms of its relative effect with respect to straw
applied shortly before cultivation) as shown in Table 5.14.



Thank You!

Questions?
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