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LIVESTOCK EMISSIONS IN INDIA’S TNC
• According to TNC Key Category Analysis, these livestock categories are 

considered “key” categories in level and trend analysis:
• 3A1: CH4 from Enteric Fermentation (7% of overall emissions)

• 3A1: N2O from Manure Management (1% of overall emissions)

• Transitioning to AR5 GWPs (for CH4, GWP 21 -> GWP 28), CH4 from 
Manure Management might also be elevated to a key category for 
BTR



INTRODUCTION TO LIVESTOCK EMISSIONS CALCULATIONS

Livestock Emissions 
(CH4, N2O)

Activity Data Emission Factor

Livestock Population Numbers per 
Subcategory (AAP)

Tier 1



BASIC LIVESTOCK CHARACTERIZATION (TIER 1)
• Two data components:

1. List of livestock categories

2. Average annual population (AAP)

Two types of livestock populations:
Static population = animals that are alive for 
the entire year (e.g. dairy cows, layer 
chickens)

Growing population = animals are alive for 
less than a full year (e.g. animals grown for 
meat)

Static Population:

𝑨𝑨𝑷 = 𝑵𝑨𝑷𝑨

Growing population:

𝑨𝑨𝑷 = 𝑫𝒂𝒚𝒔 𝑨𝒍𝒊𝒗𝒆 ×
𝑵𝑨𝑷𝑨

𝟑𝟔𝟓

NAPA = number of animals produced annually

IPCC, 2006: Vol. 4 Equation 10.1



EXAMPLE: AVERAGE ANNUAL POPULATION CALCULATION

• Broiler chickens → grown in flocks for 60 days before slaughter for meat 
production

• An operation produces 60,000 chickens in one year

Days Alive

NAPA

𝑨𝑨𝑷 = 𝑫𝒂𝒚𝒔 𝑨𝒍𝒊𝒗𝒆 ×
𝑵𝑨𝑷𝑨

𝟑𝟔𝟓

𝐴𝐴𝑃 = 60 ×
60,000

365

𝐴𝐴𝑃 = 9,863 𝑐ℎ𝑖𝑐𝑘𝑒𝑛𝑠



MOVING TO TIER 2: ENHANCED LIVESTOCK 
CHARACTERIZATION + FEED INTAKE

Livestock Emissions 
(CH4, N2O)

Activity Data Emission Factor

Livestock Population Numbers per 
Subcategory (AAP)

Feed Intake per Subcategory
(GE or DMI)

Tier 2

Enhanced characterization:
Disaggregate livestock 
populations by key 
breeds/age classes with 
unique physiological 
characteristics.
Can also disaggregate by 
region!



ENHANCED CATTLE CHARACTERIZATION IN INDIA

• Cattle (other)
• Crossbred Males

• <1.5 yr
• >1.5 yr (breeding)
• >1.5 yr (working)
• >1.5 yr (breeding + working)
• >1.5 yr (other)

• Crossbred Females
• <1 yr
• 1-2.5 yr
• >2.5 yr (milk)
• >2.5 yr (dry)
• >2.5 yr (not calved)
• >2.5 yr (other)

• Indigenous Males
• <2 yr
• >2 yr (breeding)
• >2 yr (working)
• >2 yr (breeding + working)
• >2 yr (other)

• Indigenous Females
• <1 yr
• 1-3 yr
• >3 yr (milk)
• >3 yr (dry)
• >3 yr (not calved)
• >3 yr (other)

22 cattle 
subcategories x 35 
states = 770 cattle 

populations!



DOCUMENTING ACTIVITY DATA IN CRT 3A
• Link to USA CRTs for sectoral background table: 3A

• Note: Activity data is entered at national level! Sum all state population 
numbers to enter national livestock population numbers per subcategory

https://docs.google.com/spreadsheets/d/1nPOIHttH13h00fhsAWi8f-t83cLPXYuQ/edit?usp=sharing&ouid=102617665049188170589&rtpof=true&sd=true


MOVING TO TIER 2: ENHANCED LIVESTOCK 
CHARACTERIZATION + FEED INTAKE

Livestock Emissions 
(CH4, N2O)

Activity Data Emission Factor

Livestock Population Numbers per 
Subcategory (AAP)

Feed Intake per Subcategory
(GE or DMI)

Tier 2

Feed intake estimation:
Estimated using gross energy 
(GE)  expenditure equations 
or dry matter intake (DMI, 
simplified Tier 2) from the 
IPCC guidelines



TIER 2 FEED INTAKE ESTIMATION: GROSS ENERGY

• Gross energy (GE): 
Annual performance 
and diet data are 
used to estimate feed 
intake (MJ/day) an 
animal needs for 
maintenance and 
activities such as 
growth, lactation, 
pregnancy, and 
draught work.



TIER 2 FEED INTAKE ESTIMATION: GROSS ENERGY

• Defaults exist for most 
of these parameters!

• Need:
• Percent of population 

lactating, breeding, 
pregnant

• Feeding situation (stall, 
pasture, rangeland)

• Mature weight

• Average live weight,

• Feed digestible energy



TIER 2 FEED INTAKE ESTIMATION: GROSS ENERGY
• Defaults exist for most 

of these parameters!

• Need:
• Percent of population 

lactating, breeding, 
pregnant

• Feeding situation (stall, 
pasture, rangeland)

• Average hours 
work/day

• Mature weight
• Average live weight,
• Feed digestible energy



SIMPLIFIED TIER 2 FEED INTAKE ESTIMATION: DMI
• Dry matter intake (DMI): Predict DMI (kg day-1) from animal body weight 

and dietary net energy concentration (NEma) or digestible energy (DE%)
• NEma used to convert feed intake into MJ/day to derive GE for use in enteric 

fermentation emission factor equation
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SIMPLIFIED TIER 2 FEED INTAKE ESTIMATION: DMI
• Dry matter intake (DMI): Predict DMI (kg day-1) from animal body weight 

and dietary net energy concentration (NEma) or digestible energy (DE%)
• NEma used to convert feed intake into MJ/day to derive GE for use in enteric 

fermentation emission factor equation



SIMPLIFIED TIER 2 FEED INTAKE ESTIMATION: DMI
• Dry matter intake (DMI): Predict DMI (kg day-1) from animal body weight 

and dietary net energy concentration (NEma) or digestible energy (DE%)



GE VS. DMI: PROS AND CONS
Gross Energy
• Greater data requirement
• Allows for more accurate emissions 

calculation due to pregnancy, milk 
production, work (India’s livestock 
characterization provides this 
data!)

• Many defaults exist
• Creates opportunities for 

improvement to develop country-
specific GE parameters

• Supported by ALU and IPCC 
software

Dry Matter Intake

• Only requires animal weight and 
DE%

• Does not account for differences in 
emissions due to energy needed for 
activities such as lactation, 
pregnancy, work

• Not supported by ALU or the IPCC 
software (with DE% workaround for 
NEma) → requires development of 
spreadsheets



DOCUMENTING GE DATA IN CRT 3AS

• Link to USA CRTs for sectoral background table supplement: 3As

• Note: Factors such as weight, GE, etc. can be reported at the national level 
and by aggregated subcategories (i.e. all Indigenous female cattle, etc.) by 
weighting these parameters by livestock population numbers in each 
state/subcategory.

https://docs.google.com/spreadsheets/d/1nPOIHttH13h00fhsAWi8f-t83cLPXYuQ/edit?usp=sharing&ouid=102617665049188170589&rtpof=true&sd=true


MANURE MANAGEMENT DATA

• For each livestock subcategory/population (possibly disaggregated by state 
as well), you need information on the % of manure produced by that 
animal type that is managed in each manure management system.
• Can use expert judgement!



MANURE MANAGEMENT SYSTEMS





MANURE MANAGEMENT SYSTEMS

• From Dr. Mondal’s presentation:
• Manure stored in cakes, pasture, heaps

• Methane emissions from cakes: Tier 1

• Nitrous oxide emissions from manure management: Tier 2

• Heaps are likely “solid storage” from previous slide

• Cakes are likely manure deposited in pastures/range/paddock (accounted 
for in agriculture soil management as a direct fertilizer input)



EXERCISE: LIVESTOCK CHARACTERIZATION IN ALU
• Demonstrate entry of state-level data

• Today’s exercise will use national-level data due to time constraints

• Will use enhanced characterization for indigenous female populations, and 
indigenous mature male populations that are used as draught animals

• All others will use basic characterization and Tier 1 estimates (including 
buffalo, goats, and other livestock populations)



ENTERIC FERMENTATION (3A1): TIER 2

Enteric 
Fermentation 

Emissions (CH4)
Activity Data Emission Factor

Livestock Population Numbers per 
Subcategory

Feed Intake per Subcategory
(GE or DMI)

Default EF 
(IPCC Tables 10.10 and 10.11)

Tier 1

Tier 2
Country/Subcategory Specific EF 

(IPCC Eq. 10.21)

Methane Conversion Factor (𝑌𝑚)
(IPCC Tables 10.12 and 10.13)

OR



TIER 2 ENTERIC FERMENTATION EMISSION FACTORS



METHANE CONVERSION FACTORS

• IPCC 2006 Guidelines provide default values, but IPCC 2019 Refinement 
provide updated defaults with more granularity



IPCC 2019 REFINEMENT DEFAULT YM OR MY VALUES

Source: IPCC 2019 
Refinement Vol. 4



TIER 2: CH4 EMISSIONS FROM MANURE MANAGEMENT

India has this data! 
Defaults exist for all 
other parameters.



DIRECT VS. INDIRECT N2O EMISSIONS FROM MANURE 
MGMT.

• Direct N2O emissions:
o Nitrous oxide released directly from 

nitrification/dentification of N in manure

o Emissions vary with:
▪ N and C content of manure

▪ Duration of storage

▪ Type of manure treatment

▪ Manure storage conditions (oxygen 
availability, pH, moisture)

• Indirect N2O emissions:
o Volatilization of ammonia and NOx from 

manure

o Runoff and leaching of N into soils from 
solid/liquid storage of manure outdoors

Source: Illinois Times



DIRECT N2O EMISSIONS FROM MANURE MANAGEMENT

Direct N2O 
Emissions from 
Manure Mgmt.

Activity Data Emission Factor

Livestock Population Numbers per 
Subcategory

Default EF per Manure Mgmt. Sys. 
(IPCC  2019 Ref. Table 10.21)

Nitrogen Excretion Rate (Nex)
(Defaults: IPCC 2019 Ref. Table 10.19)

Tier 1

Fraction of Total N Excreted Per 
Manure Mgmt. System (MS)



DIRECT N2O EMISSIONS FROM MANURE MANAGEMENT



DEFAULT NEX VALUES: 2019 IPCC REFINEMENT VOL. 4 
CHAP. 10



DEFAULT EF: 2019 IPCC REFINEMENT VOL. 4 CHAP. 10



INDIRECT N2O EMISSIONS FROM MANURE MANAGEMENT

Direct N2O 
Emissions from 
Manure Mgmt.

Activity Data Emission Factor

Livestock Population Numbers per 
Subcategory

Default EF4 for N2O from 
Atmospheric N Deposition on 

Soils/Water (IPCC  2019 Ref. Table 
10.21)

Nitrogen Excretion Rate (Nex)
(Defaults: IPCC 2019 Ref. Table 10.19)

Tier 1

Fraction of Total N Excreted Per 
Manure Mgmt. System (MS)

% of Manure N that Volatilizes NH3 
or NOx (𝐹𝑟𝑎𝑐𝐺𝑎𝑠)

% of Manure N Lost to 
Runoff/Leaching (𝐹𝑟𝑎𝑐𝑙𝑒𝑎𝑐ℎ)

Default EF5 for N2O from N 
Leaching/Runoff (IPCC  2019 Ref. Table 

10.21)



INDIRECT N2O EMISSIONS FROM MANURE MGMT.: 
VOLATILIZATION



INDIRECT N2O EMISSIONS FROM MANURE: LEACHING/RUNOFF



DEFAULT FRACGAS AND FRACLEACH: 2019 IPCC 
REFINEMENT VOL. 4 CHAP. 10



DEFAULT EFS: 2019 IPCC REFINEMENT VOL. 4 CHAP. 11
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