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Enteric                                  

Fermentation
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Fermentation
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Factor for                                
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Management
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Management

Total Annual                  

Emissions from                                   

Domestic                                     

Livestock

(1000s)

(kg/head/yr)

(t/yr)

(kg/head/yr)

(t/yr)

(Gg)

C = (A x B)

E = (A x D)

F =(C + E)/1000

Dairy Cattle

1000

57

57,000.00

0.00

57.00

Non-dairy Cattle

5000

49

245,000.00

0.00

245.00

Buffalo

0

55

0.00

0.00

0.00

Sheep

3000

5

15,000.00

0.00

15.00

Goats

50

5

250.00

0.00

0.25

Camels

0

46

0.00

0.00

0.00

Horses

10

18

180.00

0.00

0.18

Mules & Asses

0

10

0.00

0.00

0.00

Swine

1500

1.5

2,250.00

0.00

2.25

Poultry

4000

0

0.00

0.00

0.00

Totals

319,680.00

0.00

319.68
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AGRICULTURE, PART II

SIMULATION OF INVENTORY ELABORATION FOR AGRICULTURE

1.
State of art of the non-Annex I  Parties

Article 4, paragraph 1, and Article 12, paragraph 1, of the United Nations Framework Convention on Climate Change (UNFCCC) provide for each Party to report to the Conference of the Parties (COP), information on its emissions by sources and removals by sinks of all Greenhouse Gases (GHGs), not controlled by the Montreal Protocol (GHG inventories), as a component of their National Communications.

The COP adopted the guidelines for  the preparation of initial National Communications at its second session, by decision10/CP.2. These guidelines were used by 117 non-Annex I (NAI) Parties so far to prepare their initial communications. At its fifth session, the COP initiated a process to revise these guidelines. New UNFCCC guidelines were adopted by the COP, at its eight session, by Decision 17/CP.8.

Decision 17/CP.8. revised the guidelines for national communications from Parties not included in Annex I to the Convention. The Climate Change secretariat prepared a “User Manual for the Guidelines on National Communications from NAI Parties” to assist NAI Parties in the use of the guidelines for National Communications, particularly in the preparation of GHG inventory.

Over 100 NAI Parties have used the Revised IPCC 1996 Guidelines (IPCC 1996GL) in preparing the GHG inventory. However, compilation and synthesis of NAI inventories have highlighted several difficulties and limitations of using the IPCC 1996GL (for e.g., FCCC/SBI/1999/11, FCCC/SB!/2003/13, FCCC/SBSTA/2003/INF.10). The GPG2000 and GPG2003 have to some extent addressed some of the limitations and also provided guidelines for reducing the uncertainty. This handbook on “GHG Inventory in the Agriculture sector for NAI Parties” aims to assist the NAI Parties in using the UNFCCC User Manual for the Guidelines on National Communications from NAI Parties” and also provides an overview of the tools and methods available for inventory in Agriculture sector as well as the IPCC “Inventory Software”.

Until September/2003, 70 NAI Parties had submitted their national communications which have been compiled and assessed by the UNFCCC-Secretariat. In reference to the problems encountered by these Parties and reported by themselves, the figures are presented in the next table.

Table 1. Problems encountered by NAI Parties, during the GHG inventory elaboration

	Source of problem
	Nº of NAI Parties
	% 

	Activity data
	65
	92.9

	Emission factors
	45
	64.3

	Method
	8
	11.4


According to this table, it is clear that the perception of the NAI Parties on problems or restrictions to build a reliable, accurate and complete GHG inventory up, is that the main barrier is related to the availability of activity data (93 per cent of the submissions), being followed by the emission factors (64 per cent of the submissions). Far behind, the need for more adequate methods is the third barrier to the GHG inventory elaboration (11 per cent of the submissions).

It is also clear from the Compilation and Synthesis (C&S) reports that an important fraction of the mentions of problems from the Parties are related to Land-Use Change and Forestry (LUCF) and that extracting it from the analysis, the number of Parties mentioning problems decreases significantly as it is seen in the next table.

Table 2. LUCF, as a problematic sector

	Reference to LUCF
	Nº of NAI Parties
	% 

	Exclusive mention to LUCF
	9
	12.9

	LUCF included with another sectors
	42
	60.0

	No mention to LUCF
	19
	27.1


The numbers presented in table 2 above indicates that 9 out of 70 NAI Parties perceived that the problems are only related to the LUCF sector, mainly due to lack or accuracy of the activity data. On the other extreme, 19 out of 70 NAI Parties perceived that this sector is not a problem for the inventory elaboration.

If the same analysis is done for Agriculture, the figures arisen from this analysis are presented in the next table.

Table 3. Agriculture, as a problematic sector

	Problems related to (sector)
	Nº of NAI Parties
	%

	Exclusive mention to Agriculture
	0
	no

	Agriculture included with another sectors
	38
	54.3

	No mention to Agriculture
	32
	45.8


If compared to the figures from table 2 above, the figures arisen from table 3 indicate that the Agriculture sector is less relevant – as far as problems are concerned - than the LUCF sector, because 32 out of 70 NAI Parties reported no inventory elaboration problems related to Agriculture; this figure must be compared with the 19 NAI Parties that had the same perception for the LUCF sector.

2.
Elaboration of the GHG inventory

The simulation will proceed on a source by source basis and, as far as possible, taking into account the next scenarios:

1. Scenario 1: default values (international database, IPCC values)

2. Scenario 2: national statistics and IPCC defaults

3. Scenario 3: national statistics disaggregated by ecological or administrative regions

4. Scenario 4: detailed methodology if the source is key

The main purpose of this exercise is to illustrate on an step-by-step basis, the way the emissions are estimated and to compare the figures coming out from the different scenarios taking into consideration. To reach these goals, the next source categories will be considered:

· Enteric fermentation and methane emissions,

· Manure management and methane and nitrous oxides emissions,

· Crop residue burning and non-CO2 gases emissions, and

· Prescribed burning of savannas and non-CO2 gases emissions.

2.1.
 SEQ CHAPTER \h \r 1Methane Emissions from Enteric Fermentation

Assume a hypothetical country located in Latin America, covering a tropical and a temperate region, with 60 % and 40 % of its land surface, respectively. This country has a domestic animal population composed mainly by dairy and non-dairy cattle, sheep, swine and poultry. It also has some goats and horses.

The first and key step in preparation of the inventory of emissions is to characterise the livestock population, which is performed by first identifying and quantifying the livestock species/categories, then by reviewing the emission estimation methods for each species, and finally, by identifying the most detailed characterization required for each species (i.e., ‘basic’ or ‘enhanced’). This characterisation will be used for estimating emissions in various source categories (i.e., enteric fermentation, manure management, and direct and indirect N2O emissions by agricultural soils).

After livestock population is characterised according to the magnitude of emissions by the various species and to availability of data, emissions are estimated by using the appropriate method. Emissions from those species requiring ‘basic’ characterisation will be estimated by Tier 1 method, whereas those with ‘enhanced’ characterisation will need at least Tier 2 method. 

In this exercise, we will show three situations corresponding to three levels of availability of information for building up the inventory of this hypothetical country.

2.1.1.
Lowest level of data availability

In this case, the inventory agency of this country has no access to reliable national statistics or other sources of activity data, and is not able to use country-specific emission factors. It collects the following information about its livestock population from the FAO database (3-year average):

	Species/category
	Total number of animals

(million)

	Dairy cattle
	1.0

	Non-dairy cattle
	5.0

	Buffalo
	0

	Sheep
	3.0

	Goat
	0.05

	Camels
	0

	Horses
	0.01

	Mules and Asses
	0

	Swine
	1.5

	Poultry
	4.0


From FAO statistics, it is also determined that 55% of the dairy cattle are milking cows, and that the annual average production per cow is 1,000 L. There is no information available on the distribution of animals among climate regions, and as a first approach, it is assumed that it is proportional to land surface area for all categories.

2.1.1.1. Determination of Significant Sub-Source Categories

With this information, a first rough estimation of emissions is performed applying Tier 1 method, with the objective of identifying the categories that need a more accurate (Tier 2) estimation. To this end, IPCC software can be used. Open the software, click ‘Sectors’ on the menu bar, and select ‘Agriculture’. A new workbook is opened containing the worksheets. Go to the sheet labelled ‘4-1s1’, and fill in the animal population data. Then, collect default emission factors provided in Tables 4-3 and 4-4 of 1996 IPCC Guidelines, Reference Manual and insert their values in the worksheet, to obtain the following:
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Fermentation
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Total Annual                  
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(kg/head/yr)
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(kg/head/yr)
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C = (A x B)

E = (A x D)

F =(C + E)/1000

Dairy Cattle

1000

57

57,000.00

1.6

1,600.00

58.60

Non-dairy Cattle

5153

57

293,721.00

3.2

16,489.60

310.21

Buffalo

0

55

0.00

1.6

0.00

0.00

Sheep

3000

5

15,000.00

0.196

588.00

15.59

Goats

50

5

250.00

0.2

10.00

0.26

Camels

0

46

0.00

2.32

0.00

0.00

Horses

10

18

180.00

1.96

19.60

0.20

Mules & Asses

0

10

0.00

1.08

0.00

0.00

Swine

1505

1.5

2,257.50

1.7

2,558.50

4.82

Poultry

4000

0

0.00

0.021

84.00

0.08

Totals

368,408.50

21,349.70

389.76


According to decision tree in Figure 4.2 (p.4.24) of 2000 IPCC GPG, a sub-source category would be significant if it accounts for 25-30% of emissions from the source category. In this case, only non-dairy cattle subcategory complies with this requirement (77% of total emissions), and therefore, requires ‘enhanced’ characterisation for using Tier 2 for estimation of CH4 emissions from enteric fermentation. A ‘basic’ characterisation can be used for all other categories.

2.1.1.2. Enhanced Characterisation of Non-Dairy Cattle Population

Enhanced characterisation requires information additional to that provided by FAO Statistics. Consultation with local experts or industry is a valuable source in this situation where there are no reliable official statistics. Suppose that, based on these sources, the inventory agency determines that non-dairy cattle population is composed of cows (40%), steers (40%) and young growing cattle (20%). Each of these three sub-categories must have an estimate for feed intake and an emission factor to convert feed intake into methane emissions. Enhanced characterisation allows for estimating gross energy intake for each sub-category, as described in 2000 IPCC GPG (pages 4.10 through 4.20), using equations 4.1 to 4.11. The following table shows all the parameters needed for the enhanced characterisation of non-dairy cattle for this example, the choice of values and results of calculations.

	Parameter
	Symbol
	Cows
	Steer
	Young Cattle
	Comments

	Weight (kg)
	W
	400
	450
	230
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Weight Gain (kg/day)
	WG
	0
	0
	0.3
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Mature Weight (kg)
	MW
	400
	450
	425
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Work (hours/day)
	-
	0
	0
	0
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Feeding Situation
	Ca
	0.28
	0.23
	0.25
	Table 4.5, 2000 IPCC GPG, interpreted with aid of local experts

	Females giving birth (%)
	-
	67
	-
	-
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Feed Digestibility (%)
	DE
	60
	60
	60
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Maintenance coefficient
	Cfi
	0.335
	0.322
	0.322
	Table 4.4, 2000 IPCC GPG

	Net Energy for Maintenance (MJ/day)
	NEm
	30.0
	31.5
	19.0
	Calculated using equation 4.1, 2000 IPCC GPG

	Net Energy for Activity (MJ/day)
	NEa
	8.4
	7.2
	4.8
	Calculated using equation 4.2a, 2000 IPCC GPG

	Growth coefficient
	C
	-
	-
	0.9
	Page 4.15, 2000 IPCC GPG (arithmetic mean of values for females and castrates)

	Net Energy for Growth (MJ/day)
	NEg
	-
	-
	4.0
	Calculated using equation 4.3a, 2000 IPCC GPG

	Net Energy from weight loss used for maintenance (MJ/day)
	NEmobilised
	-
	-
	-
	Weight losses assumed as not occurring

	Net Energy for Work (MJ/day)
	NEw
	-
	-
	-
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Pregnancy coefficient
	Cp
	0.1
	-
	-
	Table 4.7, 2000 IPCC GPG

	Net Energy for Pregnancy (MJ/day)
	NEp
	3.0
	-
	-
	Calculated using equation 4.8, 2000 IPCC GPG

	Portion of gross energy that is available for maintenance (%)
	Nema/DE
	0.49
	0.49
	0.49
	Calculated using equation 4.9, 2000 IPCC GPG

	Portion of gross energy that is available for growth (%)
	Nega/DE
	0.28
	0.28
	0.28
	Calculated using equation 4.10, 2000 IPCC GPG

	Gross Energy intake (MJ/day)
	GE
	139.3
	130.4
	117.7
	Calculated using equation 4.11, 2000 IPCC GPG

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	7.55
	7.07
	6.38
	Calculated

	Feed intake (% of W)
	-
	1.9
	1.6
	2.8
	Calculated


It is important to check that the calculated gross energy intake be equivalent, in terms of feed consumed, to roughly 1 to 3% of live body weight of each sub-category. In our case, estimation of feed intake for all three sub-categories are within that range.

2.1.1.3. Tier 2 Estimation of CH4 Emissions from Enteric Fermentation by Non-Dairy Cattle
The detailed activity data obtained in previous section must be combined with emission factors to obtain emissions in each sub-category. Calculation of emission factors (Eq. 4.14, 2000 IPCC GPG) requires selection of a suitable value for methane conversion rate (fraction of gross energy in the feed that is converted to methane, Ym). In this example of a country that does not have reliable national data, it is recommended to use default values provided in 2000 IPCC GPG (Table 4.8) or in IPCC Emission Factor Database. In this case, both sources yield the same values, shown in the following Table.

	Parameter
	Symbol
	Cows
	Steer
	Young Cattle
	Comments

	CH4 conversion rate
	Ym
	0.06
	0.06
	0.06
	Data from Table 4.8 (2000 IPCC GPG) and EFDB

	Energy value of CH4 (MJ/kg CH4)
	-
	55.65
	55.65
	55.65
	----

	Emission Factor (kg CH4/head/year)
	EF
	54.8
	51.3
	46.3
	Calculated using equation 4.14, 2000 IPCC GPG

	Portion of sub-category in total population (%)
	-
	40
	40
	20
	Experts/industry

	Population (thousand heads)
	-
	2,000
	2,000
	1,000
	----

	CH4 Emissions (Gg CH4/yr)
	-
	110
	103
	46
	----


Tier 2 method yielded an estimation of an emission of 259 Gg CH4 by non-dairy cattle, figure slightly higher (6%) than that estimated previously by using Tier 1 method (245 Gg CH4).

The individual emission factors estimated for each subcategory can be combined to estimate a weighted emission factor equal to 52 kg CH4/head/year. This value should be used in IPCC Software instead of the IPCC default (49 kg CH4/head/year) used for Tier 1 estimation.

2.1.2. Medium Level of Available Data

Now let us assume that our hypothetical country has detailed statistics on livestock activity, although still lacks reliable country-specific emission factors. As in the previous example, the first screening using Tier 1 method leads to the conclusion that non-dairy cattle is the only key sub-source category. The inventory agency is able to disaggregate the non-dairy cattle population by sub-categories (cows, steers, young growing cattle) climate regions (tropical and temperate), and production systems (extensive grazing of relatively low quality pasture, more intensive grazing of improved pastures, and feedlot). A total of 18 classes are identified, as shown in the following table.

	Climate Region
	Production System
	Sub-Category
	Population

(thousand heads)

	Tropical Area
	Extensive Grazing
	Cows
	1,473

	
	
	Steers
	828

	
	
	Young
	610

	
	Intensive Grazing
	Cows
	228

	
	
	Steers
	414

	
	
	Young
	120

	
	Feedlot
	Cows
	40

	
	
	Steers
	92

	
	
	Young
	96

	Temperate Area
	Extensive Grazing
	Cows
	348

	
	
	Steers
	201

	
	
	Young
	161

	
	Intensive Grazing
	Cows
	150

	
	
	Steers
	275

	
	
	Young
	75

	
	Feedlot
	Cows
	15

	
	
	Steers
	31

	
	
	Young
	32

	Total
	-----
	-----
	5,153


An enhanced characterisation of non-dairy cattle is performed for each of the 18 subcategories, using country-specific activity data. In this way, 18 different gross energy intake values are obtained. As an example, the following tables show this characterisation for the classes ‘Tropical Area – Extensive Grazing’ and ‘Temperate Area – Intensive Grazing’.

	Parameter
	Symbol
	Cows
	Steer
	Young Cattle
	Comments

	Weight (kg)
	W
	420
	380
	210
	Country-specific data

	Weight Gain (kg/day)
	WG
	0
	0.2
	0.2
	Country-specific data

	Mature Weight (kg)
	MW
	420
	440
	430
	Country-specific data

	Work (hours/day)
	-
	0
	0
	0
	Country-specific data

	Feeding Situation
	Ca
	0.33
	0.33
	0.33
	Table 4.5, 2000 IPCC GPG, interpreted with aid of local experts

	Females giving birth (%)
	-
	60
	-
	-
	Country-specific data

	Feed Digestibility (%)
	DE
	57
	57
	57
	Country-specific data

	Maintenance coefficient
	Cfi
	0.335
	0.322
	0.322
	Table 4.4, 2000 IPCC GPG

	Net Energy for Maintenance (MJ/day)
	NEm
	31.1
	27.7
	17.8
	Calculated using equation 4.1, 2000 IPCC GPG

	Net Energy for Activity (MJ/day)
	NEa
	10.3
	9.2
	5.9
	Calculated using equation 4.2a, 2000 IPCC GPG

	Growth coefficient
	C
	0.8
	1.0
	0.9
	Page 4.15, 2000 IPCC GPG (arithmetic mean of values for females and castrates)

	Net Energy for Growth (MJ/day)
	NEg
	-
	3.4
	2.4
	Calculated using equation 4.3a, 2000 IPCC GPG

	Net Energy from weight loss used for maintenance (MJ/day)
	NEmobilised
	-
	-
	-
	Weight losses assumed as not occurring

	Net Energy for Work (MJ/day)
	NEw
	-
	-
	-
	Country-specific data

	Pregnancy coefficient
	Cp
	0.1
	-
	-
	Table 4.7, 2000 IPCC GPG

	Net Energy for Pregnancy (MJ/day)
	NEp
	3.1
	-
	-
	Calculated using equation 4.8, 2000 IPCC GPG

	Portion of gross energy that is available for maintenance (%)
	Nema/DE
	0.48
	0.48
	0.48
	Calculated using equation 4.9, 2000 IPCC GPG

	Portion of gross energy that is available for growth (%)
	Nega/DE
	0.26
	0.26
	0.26
	Calculated using equation 4.10, 2000 IPCC GPG

	Gross Energy intake (MJ/day)
	GE
	162.2
	170.0
	111.2
	Calculated using equation 4.11, 2000 IPCC GPG

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	8.79
	9.21
	6.03
	Calculated

	Feed intake (% of W)
	-
	2.1
	2.4
	2.9
	Calculated


Example: Tropical Area, Extensive Grazing

	Parameter
	Symbol
	Cows
	Steer
	Young Cattle
	Comments

	Weight (kg)
	W
	405
	390
	240
	Country-specific data

	Weight Gain (kg/day)
	WG
	0.15
	0.33
	0.65
	Country-specific data

	Mature Weight (kg)
	MW
	445
	470
	452
	Country-specific data

	Work (hours/day)
	-
	0
	0
	0
	Country-specific data

	Feeding Situation
	Ca
	0.17
	0.17
	0.17
	Table 4.5, 2000 IPCC GPG, interpreted with aid of local experts

	Females giving birth (%)
	-
	81
	-
	-
	Country-specific data

	Feed Digestibility (%)
	DE
	72
	72
	72
	Country-specific data

	Maintenance coefficient
	Cfi
	0.335
	0.322
	0.322
	Table 4.4, 2000 IPCC GPG

	Net Energy for Maintenance (MJ/day)
	NEm
	30.2
	28.3
	19.6
	Calculated using equation 4.1, 2000 IPCC GPG

	Net Energy for Activity (MJ/day)
	NEa
	5.1
	4.8
	3.3
	Calculated using equation 4.2a, 2000 IPCC GPG

	Growth coefficient
	C
	0.8
	1.0
	0.9
	Page 4.15, 2000 IPCC GPG

	Net Energy for Growth (MJ/day)
	NEg
	3.0
	5.7
	9.2
	Calculated using equation 4.3a, 2000 IPCC GPG

	Net Energy from weight loss used for maintenance (MJ/day)
	NEmobilised
	-
	-
	-
	Weight losses assumed as not occurring

	Net Energy for Work (MJ/day)
	NEw
	-
	-
	-
	Country-specific data

	Pregnancy coefficient
	Cp
	0.1
	-
	-
	Table 4.7, 2000 IPCC GPG

	Net Energy for Pregnancy (MJ/day)
	NEp
	3.0
	-
	-
	Calculated using equation 4.8, 2000 IPCC GPG

	Portion of gross energy that is available for maintenance (%)
	Nema/DE
	0.53
	0.53
	0.53
	Calculated using equation 4.9, 2000 IPCC GPG

	Portion of gross energy that is available for growth (%)
	Nega/DE
	0.34
	0.34
	0.34
	Calculated using equation 4.10, 2000 IPCC GPG

	Gross Energy intake (MJ/day)
	GE
	120.1
	123.9
	121.5
	Calculated using equation 4.11, 2000 IPCC GPG

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	6.51
	6.71
	6.58
	Calculated

	Feed intake (% of W)
	-
	1.6
	1.7
	2.7
	Calculated


Example: Temperate Area, Intensive Grazing

The obtained activity data, and their combination with default emission factors (calculated using equation 4.14, 2000 IPCC GPG) to estimate emissions for each of the 18 classes, are summarized in the following table.

	Climate Region
	Production System
	Sub-Category
	CH4 Conv. Rate (Ym)
	CH4 Energy Value (MJ/kg)
	EF

(kg CH4/ head/yr)
	Population

(thousand heads)
	CH4 Emission

(Gg/yr)

	Tropical Area
	Extensive Grazing
	Cows
	0.06
	55.65
	63.8
	1,437
	91.7

	
	
	Steers
	0.06
	55.65
	66.9
	828
	55.4

	
	
	Young
	0.06
	55.65
	43.8
	610
	26.7

	
	Intensive Grazing
	Cows
	0.06
	55.65
	47.7
	228
	10.9

	
	
	Steers
	0.06
	55.65
	51.5
	414
	21.3

	
	
	Young
	0.06
	55.65
	48.4
	120
	5.8

	
	Feedlot
	Cows
	0.06
	55.65
	41.5
	40
	1.7

	
	
	Steers
	0.06
	55.65
	49.3
	92
	4.5

	
	
	Young
	0.06
	55.65
	52.8
	96
	5.1

	Temperate Area
	Extensive Grazing
	Cows
	0.06
	55.65
	61.5
	348
	21.4

	
	
	Steers
	0.06
	55.65
	66.7
	201
	13.4

	
	
	Young
	0.06
	55.65
	49.5
	161
	8.0

	
	Intensive Grazing
	Cows
	0.06
	55.65
	47.3
	150
	7.1

	
	
	Steers
	0.06
	55.65
	48.8
	275
	13.4

	
	
	Young
	0.06
	55.65
	47.8
	75
	3.6

	
	Feedlot
	Cows
	0.06
	55.65
	41.5
	15
	0.6

	
	
	Steers
	0.06
	55.65
	49.3
	31
	1.5

	
	
	Young
	0.06
	55.65
	52.8
	32
	1.7

	Total
	-----
	-----
	-----
	-----
	57
	5,153
	294


The emission factors ranged from 41.5 to 66.9 kg CH4/head/year among the 18 classes, with a weighted average of 57 kg CH4/head/year. This is higher than the values estimated above using Tier 1 method (49 kg CH4/head/year) or using Tier 2 with default activity data (52 kg CH4/head/year). Total emissions also increased with respect to previous examples (from 245 to 294 Gg CH4/year) due to a higher cattle population (5.15 vs. 5.0 million heads). These two figures of non-dairy cattle population and weighted emission factors should be used to fill in the corresponding cell in IPCC Software’s worksheet.

2.1.3. Highest Level of Data Availability

In the example of the previous section, we assumed that the country had relatively good-quality national statistics on livestock activity data, but had to use default emission factors. This situation could be improved by further disaggregating activity data (e.g., subdividing tropical and temperate regions by soil type or by forage quality), or by developing local information on some of the parameters used in characterisation of livestock population (e.g., coefficients for maintenance, activity, growth or pregnancy). The country may also choose to develop locally calibrated models and geographically explicit activity data, and produce estimates of emissions by a Tier 3 method, although most developing countries are still not prepared for this.

In the case of methane emissions from enteric fermentation the country could also improve the application of Tier 2 IPCC method by developing country-specific emission factors. As shown in the previous table, the same value for methane conversion rate (Ym= 0.06) was used for all 18 classes. This is obviously a simplification inducing to large uncertainties in the estimates, since it is well known that not all feeds produce the same amount of methane per unit of mass. Also, there may be some technologies (e.g., methane vaccine) that reduce conversion rates even if feed type is not changed.

A specific numerical example is not developed here, but it is important to mention that application of country-specific emission factors may change significantly (by 20-30% in any direction) the estimation of methane emissions. Alternatively, suitable factors could be selected from scientific literature for conditions similar to those in the country, or from neighbouring countries with similar climate and production systems. The IPCC Emission Factor Database is potentially a very useful resource, although for this specific factor (Ym) there are still no entries available besides those provided in 2000 IPCC GPG. 

2.1.4. Estimation of Uncertainties

It is good practice to estimate and report uncertainties of the emission estimates. This includes consideration of uncertainties in estimation of livestock population, activity data and emission factors, which should be propagated through the various calculations performed.

According to 2000 IPCC GPG, uncertainty of emission factors used for Tier 1 method would be in the order of 30 to 50%, and uncertainty in estimation of livestock population could be even higher. The use of country-specific activity data an emission factors can significantly reduce the uncertainties. It is recognized that improving livestock characterization should be of high priority for reducing overall uncertainty.

2.2.
Manure management
2.2.1 Methane Emissions from Manure Management

Continuing with our example, now Tier 1 method is applied to have a first assessment of the relative importance of the subcategories for methane emissions from manure management. Next figure shows IPCC software worksheet after typing in default emission factors from 1996 IPCC Guidelines (Tables 4-5 and 4-6). The emission factor values used are the weighted averages of factors corresponding to warm (60% weight) and temperate (40 % weight) climate regions. Bold-font numbers in the table indicate new inputs (note that values for enteric fermentation by non-dairy cattle were also modified to consider application of Tier 2 method using country-specific activity data).

	 
	MODULE   
	AGRICULTURE
	 
	 
	 
	 

	 
	SUBMODULE   
	METHANE AND NITROUS OXIDE EMISSIONS FROM DOMESTIC LIVESTOCK

	 
	 
	ENTERIC FERMENTATION AND MANURE MANAGEMENT
	 

	 
	WORKSHEET   
	4-1
	 
	 
	 
	 

	 
	SHEET    
	1 OF 2 METHANE EMISSIONS FROM DOMESTIC LIVESTOCK ENTERIC 

	 
	 
	FERMENTATION AND MANURE MANAGEMENT
	 
	 

	 
	COUNTRY   
	Hypothetical
	 
	 
	 
	 

	 
	YEAR   
	2003
	 
	 
	 
	 

	 
	 
	STEP 1
	 
	STEP 2
	STEP 3

	 
	A
	B
	C
	D
	E
	F

	Livestock Type
	Number of                                  Animals
	Emissions                       Factor for                Enteric                                  Fermentation
	Emissions                             from Enteric                                        Fermentation
	Emissions                                   Factor for                                Manure                                                    Management
	Emissions from                           Manure                                       Management
	Total Annual                  Emissions from                                   Domestic                                     Livestock

	 
	(1000s)
	(kg/head/yr)
	(t/yr)
	(kg/head/yr)
	(t/yr)
	(Gg)

	 
	 
	 
	C = (A x B)
	 
	E = (A x D)
	F =(C + E)/1000

	Dairy Cattle
	1000
	57
	57,000.00
	1.6
	1,600.00
	58.60

	Non-dairy Cattle
	5153
	57
	293,721.00
	1.6
	8,244.80
	301.97

	Buffalo
	0
	55
	0.00
	1.6
	0.00
	0.00

	Sheep
	3000
	5
	15,000.00
	0.196
	588.00
	15.59

	Goats
	50
	5
	250.00
	0.2
	10.00
	0.26

	Camels
	0
	46
	0.00
	2.32
	0.00
	0.00

	Horses
	10
	18
	180.00
	1.96
	19.60
	0.20

	Mules and Asses
	0
	10
	0.00
	1.08
	0.00
	0.00

	Swine
	1500
	1.5
	2,250.00
	1.6
	2,400.00
	4.65

	Poultry
	4000
	0
	0.00
	0.021
	84.00
	0.08

	Totals
	 
	 
	368,401.00
	 
	12,946.40
	381.35


The results show that non-dairy cattle is the most significant source, and therefore merits enhanced characterization and application of Tier 2 method to produce acceptably accurate estimates. Swine population contributes to 20% of total emissions, and the country may consider providing an enhanced characterization and Tier 2 method for this sub-category as well. In the following sections, inventory procedures for three levels of data availability are illustrated for Tier 2 method for non-dairy cattle and swine.

2.2.1.1. Lowest Level of Data Availability

In this scenario, the country has no national statistics or other sources of reliable data, and uses FAO database, IPCC Emission Factor Database, and expert advise to produce the inventory. For non-dairy cattle, the same characterization used for estimating methane emissions from enteric fermentation can be used here.
 For swine, an enhanced characterization is developed in next sub-section. All the other categories are estimated following Tier 1 procedure (as shown in the IPCC software worksheet above).

A.
Enhanced Characterisation of Swine Population

Estimation of methane emissions from manure management requires two types of activity data: a) animal population data; and b) manure management system usage data.

Regarding swine population, 2000 IPCC GPG recommends to disaggregate it into at least three categories: sows, boars and growing animals (p. 4.10). However, neither 1996 IPCC Guidelines or 2000 IPCC GPG provide default emission factors for swine categories, and therefore, this classification only makes sense if the inventory agency has values for these factors. Currently, IPCC Emission Factor Database provides only values for sows and fattening pigs in European conditions, which may not be applicable to non-Annex I countries. In consequence, for this exercise, we will assume that swine population is not classified into categories, and enhanced characterization focuses on manure management systems and climate regions.

Let us assume that the available data allow to conclude that swine population is 1.5 million heads, distributed 60% in the warm region and 40% in the temperate region. It is also determined that 90% of the overall manure is managed as a solid, whereas the remaining 10% is managed in liquid-based systems. It is not possible to discriminate between manure management systems by climate regions.

B.
Tier 2 Estimation of Methane Emissions from Manure Management

Tier 2 method requires determination of three parameters: a) mass of volatile solids excreted by animals (VS, kg); b) maximum methane producing capacity of the manure (Bo, m3/kg of VS); and c) methane conversion factor (MCF), that accounts for the influence of management system and climate.

The following Tables show the values selected for the various parameters, their sources and estimations of methane emissions from manure management for non-dairy cattle and swine.

Methane from Manure Management, Non-Dairy Cattle, Tier 2:

	Parameter
	Symbol
	Cows
	Steer
	Young Cattle
	Comments

	Gross Energy intake (MJ/day)
	GE
	139.3
	130.4
	117.7
	Calculated using equation 4.11, 2000 IPCC GPG

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	7.55
	7.07
	6.38
	Calculated

	Feed Digestibility (%)
	DE
	60
	60
	60
	Data from Table A-2, p. 4.33, 1996 IPCC Guidelines, Reference Manual

	Ash content of manure (%)
	ASH
	8
	8
	8
	Data from 1996 IPCC Guidelines, Reference Manual, p. 4.23 

	Volatile Solid Excretion (kg dm/day)
	VS
	2.78
	2.60
	2.35
	Calculated using equation 4.16, 2000 IPCC GPG

	Maximum CH4 producing capacity of manure (m3 CH4/kg VS)
	Bo
	0.10
	0.10
	0.10
	Default value, 1996 IPCC Guidelines, Reference Manual, Table B-1, p. 4.40

	Methane Conversion Factor (%)
	MCF
	1.80
	1.80
	1.80
	Data from 1996 IPCC Guidelines, Reference Manual, Table 4-8, p. 4.25. Data for Pasture/Range/Paddock system, weighted by climate region)

	Emission Factor (kg CH4/head/year)
	EF
	1.22
	1.14
	1.03
	Calculated using equation 4.17, 2000 IPCC GPG

	Population (thousand heads)
	-
	2,000
	2,000
	1,000
	FAO Database, local experts, local industry

	CH4 Emissions (Gg CH4/yr)
	-
	2.45
	2.29
	1.03
	Total emissions: 5.8 Gg CH4/yr


The values of gross energy intake, used for calculation of VS are the same ones used for enteric fermentation. If these were not available, default VS values are provided in Table B-1, p. 4.40 (1996 IPCC Guidelines). These default values, even if not used for the inventory, may be useful as a check of values estimated by using non-default GE. Default VS values for cows, steer and young for Latin America are 2.95, 2.87 and 2.14 kg/day, which are very similar to the ones shown in the table above.

Total emissions estimated by Tier 2 method (5.8 Gg CH4/year) were lower than those obtained using Tier 1 method (8.2 Gg CH4/year). Weighted emission factor derived from Tier 2 calculations is 1.2 kg CH4/head/year, and this value should be used in IPCC software instead of the default (1.6 kg CH4/head/year), in order to report emissions from manure management.

Methane from Manure Management, Swine, Tier 2:

	Parameter
	Symbol
	Warm, Solid
	Warm, Liquid
	Temp., Solid
	Temp., Liquid
	Comments

	Gross Energy intake (MJ/day)
	GE
	13.0
	13.0
	13.0
	13.0
	Default value, 1996 IPCC Guidelines, Reference Manual, Table B-2, p. 4.42

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	0.70
	0.70
	0.70
	0.70
	Calculated

	Feed Digestibility (%)
	DE
	50
	50
	50
	50
	Data from 1996 IPCC Guidelines, Reference Manual, p. 4.23

	Ash content of manure (%)
	ASH
	4
	4
	4
	4
	Data from 1996 IPCC Guidelines, Reference Manual, p. 4.23 

	Volatile Solid Excretion (kg dm/day)
	VS
	0.34
	0.34
	0.34
	0.34
	Calculated using equation 4.16, 2000 IPCC GPG

	Maximum CH4 producing capacity of manure (m3 CH4/kg VS)
	Bo
	0.29
	0.29
	0.29
	0.29
	Default value, 1996 IPCC Guidelines, Reference Manual, Table B-2, p. 4.42

	Methane Conversion Factor (%)
	MCF
	2
	65
	1.5
	35
	Data from 1996 IPCC Guidelines, Reference Manual, Table 4-8, p. 4.25. See comments in text below.

	Emission Factor (kg CH4/head/year)
	EF
	0.48
	15.59
	0.36
	8.40
	Calculated using equation 4.17, 2000 IPCC GPG

	Population (thousand heads)
	-
	810
	90
	540
	60
	----

	CH4 Emissions (Gg CH4/yr)
	-
	0.39
	1.40
	0.19
	0.50
	Total emissions: 

2.5 Gg CH4/yr


Default values were used for GE, DE and ASH of swine population. For this reason, VS values obtained in the previous table are identical to default VS values presented in Table B-1, p. 4.40 (1996 IPCC Guidelines).

For liquid-based manure management systems, Liquid/Slurry was assumed to be the only one used. Default factors provided in Table 4-8 (1996 IPCC Guidelines) were used for the calculations. It has to be noted, however, that 2000 IPCC GPG provides slightly different values (Table 4.10, p.4.36), as well as a formula for accounting for recovery, flaring and use of biogas. Due to implicit large uncertainty, use of default values for MCF should be avoided whenever possible. 

Emission factors estimated above for swine show a wide variation between the four sub-categories identified (from 0.4 to 15.6 kg CH4/head/year), yielding a weighted average of 1.7 kg CH4/head/year. This value was close to Tier 1 default (1.6 kg CH4/head/year).

2.2.1.2. Medium Level of Data Availability

Now suppose that the country has a well-developed set of national statistics that allows for a detailed characterization of non-dairy cattle (same 18 classes as in the case of ‘Enteric Fermentation’) and swine populations, but does not have a complete set of reliable country-specific emission factors.

The following table summarizes the classification of swine population into 18 sub-categories based on combination of the two climate regions, three manure management systems and three swine population categories:

	Climate Region
	Manure Management System
	Sub-Category
	Population

(thousand heads)

	Tropical Area
	Pasture/Range/Paddock
	Sows
	121

	
	
	Boars
	30

	
	
	Growing
	490

	
	Liquid/Slurry
	Sows
	8

	
	
	Boars
	3

	
	
	Growing
	40

	
	Anaerobic Lagoon
	Sows
	2

	
	
	Boars
	2

	
	
	Growing
	9

	Temperate Area
	Pasture/Range/Paddock
	Sows
	130

	
	
	Boars
	36

	
	
	Growing
	555

	
	Liquid/Slurry
	Sows
	5

	
	
	Boars
	1

	
	
	Growing
	24

	
	Anaerobic Lagoon
	Sows
	8

	
	
	Boars
	1

	
	
	Growing
	40

	Total
	-----
	-----
	1,505


Tier 2 method is used for each of the 18 classes of non-dairy cattle and the 18 classes of swine. The following tables show examples (one for each species) for some of these classes.

Methane from Manure Management, Non-Dairy Cattle, Tropical Region, Intensive Grazing, Tier 2:

	Parameter
	Symbol
	Cows
	Steer
	Young Cattle
	Comments

	Gross Energy intake (MJ/day)
	GE
	121.2
	130.8
	123.0
	Calculated using equation 4.11, 2000 IPCC GPG

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	6.57
	7.09
	6.67
	Calculated

	Feed Digestibility (%)
	DE
	68
	68
	68
	Country-specific data

	Ash content of manure (%)
	ASH
	8
	8
	8
	Data from 1996 IPCC Guidelines, Reference Manual, p. 4.23 

	Volatile Solid Excretion (kg dm/day)
	VS
	1.93
	2.09
	1.96
	Calculated using equation 4.16, 2000 IPCC GPG

	Maximum CH4 producing capacity of manure (m3 CH4/kg VS)
	Bo
	0.12
	0.12
	0.12
	Default value, 1996 IPCC Guidelines, Reference Manual, Table B-1, p. 4.40, adjusted by local experts

	Methane Conversion Factor (%)
	MCF
	2. 0
	2.0
	2.0
	Data from 1996 IPCC Guidelines, Reference Manual, Table 4-8, p. 4.25.

	Emission Factor (kg CH4/head/year)
	EF
	1.14
	1.23
	1.15
	Calculated using equation 4.17, 2000 IPCC GPG

	Population (thousand heads)
	-
	228
	414
	120
	Country-specific data

	CH4 Emissions (Gg CH4/yr)
	-
	0.26
	0.51
	0.14
	----


Comparing with the previous example (lowest level of available data), in this case the country has its own estimation for feed/gross energy intake, feed digestibility and animal population for each of the different classes. For Bo, even though the country has no locally developed studies, IPCC default was adjusted to local conditions following the advise of experts. For other factors (ASH, MCF) IPCC defaults were used. These comments are also applicable to the example of swine shown below.
Methane from Manure Management, Swine, Temperate Region, Slurry/Liquid Management System, Tier 2:

	Parameter
	Symbol
	Sows
	Boars
	Growing
	Comments

	Gross Energy intake (MJ/day)
	GE
	9.0
	9.0
	13.0
	Country-specific data

	Energy intensity of feed (MJ/kg)
	-
	18.45
	18.45
	18.45
	IPCC default value

	Feed intake (kg dm/day)
	-
	0.49
	0.49
	0.70
	Calculated

	Feed Digestibility (%)
	DE
	49
	49
	49
	Country-specific data

	Ash content of manure (%)
	ASH
	4
	4
	4
	Data from 1996 IPCC Guidelines, Reference Manual, p. 4.23 

	Volatile Solid Excretion (kg dm/day)
	VS
	0.23
	0.23
	0.33
	Calculated using equation 4.16, 2000 IPCC GPG

	Maximum CH4 producing capacity of manure (m3 CH4/kg VS)
	Bo
	0.29
	0.29
	0.29
	Default value, 1996 IPCC Guidelines, Reference Manual, Table B-2, p. 4.42

	Methane Conversion Factor (%)
	MCF
	72
	72
	72
	Data from 1996 IPCC Guidelines, Reference Manual, Table 4-8, p. 4.25.

	Emission Factor (kg CH4/head/year)
	EF
	11.69
	11.69
	16.88
	Calculated using equation 4.17, 2000 IPCC GPG

	Population (thousand heads)
	-
	8
	3
	40
	Country-specific data

	CH4 Emissions (Gg CH4/yr)
	-
	0.09
	0.04
	0.68
	


The obtained activity data and emission factors for the 36 classes, are summarized in the following tables.

Methane from Manure Management, Non-Dairy Cattle, Tier 2:

	Climate Region
	Production System
	Sub-Category
	VS (kg/d)
	Bo 

(m3/kg VS)
	MCF

(%)
	EF

(kg CH4/ head/yr)
	Population

(thousand heads)
	CH4 Emission

(Gg/yr)

	Tropical Area
	Extensive Grazing
	Cows
	3.48
	0.10
	2.0
	1.70
	1,437
	2.44

	
	
	Steers
	3.64
	0.10
	2.0
	1.78
	828
	1.48

	
	
	Young
	2.38
	0.10
	2.0
	1.17
	610
	0.71

	
	Intensive Grazing
	Cows
	1.93
	0.12
	2.0
	1.14
	228
	0.26

	
	
	Steers
	2.09
	0.12
	2.0
	1.23
	414
	0.51

	
	
	Young
	1.96
	0.12
	2.0
	1.15
	120
	0.14

	
	Feedlot
	Cows
	0.89
	0.17
	77.5(*)
	28.77
	40
	1.15

	
	
	Steers
	1.06
	0.17
	77.5(*)
	34.24
	92
	3.15

	
	
	Young
	1.14
	0.17
	77.5(*)
	36.64
	96
	3.52

	Temperate Area
	Extensive Grazing
	Cows
	3.20
	0.10
	1.5
	1.17
	348
	0.41

	
	
	Steers
	3.47
	0.10
	1.5
	1.27
	201
	0.26

	
	
	Young
	2.57
	0.10
	1.5
	0.94
	161
	0.15

	
	Intensive Grazing
	Cows
	1.68
	0.12
	1.5
	0.74
	150
	0.11

	
	
	Steers
	1.73
	0.12
	1.5
	0.76
	275
	0.21

	
	
	Young
	1.70
	0.12
	1.5
	0.75
	75
	0.06

	
	Feedlot
	Cows
	0.89
	0.17
	62.5(*)
	23.20
	15
	0.35

	
	
	Steers
	1.06
	0.17
	62.5(*)
	27.61
	31
	0.86

	
	
	Young
	0.14
	0.17
	62.5(*)
	29.55
	32
	0.95

	Total
	-----
	-----
	-----
	
	-----
	3.2
	5,153
	16.7


(*) Note: for the enhanced characterization of non-dairy cattle population, it was assumed that 50% of feedlots have a ‘Slurry/Liquid’ manure management system, whereas the other 50% has “Anaerobic Lagoons’.

Methane from Manure Management, Swine, Tier 2:

	Climate Region
	Manure Mgmt. System
	Sub-Category
	VS (kg/d)
	Bo 

(m3/kg VS)
	MCF

(%)
	EF

(kg CH4/ head/yr)
	Population

(thousand heads)
	CH4 Emission

(Gg/yr)

	Tropical Area
	Pasture/

Range/

Paddock
	Sows
	0.23
	0.29
	2.0
	0.33
	121
	0.04

	
	
	Boars
	0.23
	0.29
	2.0
	0.33
	30
	0.01

	
	
	Growing
	0.34
	0.29
	2.0
	0.48
	490
	0.23

	
	Liquid/

Slurry
	Sows
	0.23
	0.29
	72
	11.69
	8
	0.09

	
	
	Boars
	0.23
	0.29
	72
	11.69
	3
	0.04

	
	
	Growing
	0.33
	0.29
	72
	16.8
	40
	0.68

	
	Anaerobic Lagoon
	Sows
	0.22
	0.29
	90
	14.32
	2
	0.03

	
	
	Boars
	0.22
	0.29
	90
	14.32
	2
	0.03

	
	
	Growing
	0.34
	0.29
	90
	21.48
	9
	0.19

	Temperate Area
	Pasture/

Range/

Paddock
	Sows
	0.23
	0.29
	1.5
	0.25
	130
	0.03

	
	
	Boars
	0.23
	0.29
	1.5
	0.25
	36
	0.01

	
	
	Growing
	0.34
	0.29
	1.5
	0.36
	555
	0.20

	
	Liquid/

Slurry
	Sows
	0.23
	0.29
	45
	7.30
	5
	0.04

	
	
	Boars
	0.23
	0.29
	45
	7.30
	1
	0.01

	
	
	Growing
	0.33
	0.29
	45
	10.55
	24
	0.25

	
	Anaerobic Lagoon
	Sows
	0.22
	0.29
	90
	14.32
	8
	0.11

	
	
	Boars
	0.22
	0.29
	90
	14.32
	1
	0.01

	
	
	Growing
	0.34
	0.29
	90
	21.48
	40
	0.86

	Total
	-----
	-----
	-----
	
	-----
	1.9
	1,505
	2.86


For non-dairy cattle, weighted emission factor was 3.2 kg CH4/head/yr, substantially higher than that estimated with default data only (kg CH4/head/yr). Total emissions were almost three times as large (16.7 vs. 5.8 Gg CH4/yr), and this was mainly associated with a more detailed identification of liquid-based manure management systems, which were not considered in the example with lowest data availability.

For swine, the new emission factor was 1.9 kg CH4/head/yr, slightly higher than that estimated with default data only (1.7 kg CH4/head/yr). Total emissions were also slightly higher.

Including newly calculated emission factors and activity data in IPCC Software worksheet (bolded-font numbers) yields the following output:
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D = (A x B x C)

Non-dairy Cattle

5153000

56

0.03

8,657,040.00

Dairy Cattle

1000000

70

0.1

7,000,000.00

Poultry

4000000

0

0.00

Sheep

3000000

0

0.00

Swine

1500000

16

0.042

1,008,000.00

Others

0.00

TOTAL         

16,665,040.00

 

2.2.1.3. Highest Level of Data Availability

The two previous examples showed the large incidence of some parameters used in calculation of emission factor, particularly MCF. Some developing countries with large animal populations managed under intensive systems may develop their own country-specific values for parameters such as Bo, ASH and MCF. Alternatively, Tier 3 methods, requiring other parameters, may also be implemented. 

2.2.1.4. Estimation of Uncertainties

The same concepts regarding uncertainty of livestock population data, as discussed for enteric fermentation, apply here. In addition, the use of default parameters, particularly MCF, may induce large uncertainties, particularly in countries where there is important usage of liquid-based systems.

2.2.2. Nitrous Oxide Emissions from Manure Management

There is only one tier provided in 1996 IPCC Guidelines and 2000 IPCC GPG for estimating this source. In following subsections, one example of inventory preparation is presented, based on the enhanced characterisation of livestock population used for estimating methane from manure management (above).

2000 IPCC GPG states a five-step procedure for producing inventory of N2O emissions from manure management: 1) Characterisation of livestock population; 2) determination of average N excretion rate for each defined livestock category; 3) Determination of the fraction of N excretion that is managed in each manure management system; 4) Determination of an emission factor for each manure management system; and 5) multiplication of total amount of N excretion by the emission factor of each manure management system, and summation of all estimates.

2.2.2.1. Livestock Characterisation

Continuing with the example of a hypothetical country, let us assume that only dairy cattle, non-dairy cattle, swine and poultry are the livestock categories that have some form of manure management. The following table summarizes the characterization of these categories regarding manure management.

	Livestock Category
	Climate Region
	Manure Management System (%)
	Population (thousand heads)
	Fraction of Total Category Population (%)

	Dairy Cattle
	Warm
	Liquid/Slurry
	60
	6.0

	
	
	Anaerobic Lagoon
	60
	6.0

	
	Temperate
	Liquid/Slurry
	40
	4.0

	
	
	Anaerobic Lagoon
	40
	4.0

	Non-Dairy Cattle
	Warm
	Liquid/Slurry
	114
	2.2

	
	
	Anaerobic Lagoon
	114
	2.2

	
	Temperate
	Liquid/Slurry
	39
	0.8

	
	
	Anaerobic Lagoon
	39
	0.8

	Swine
	Warm
	Liquid/Slurry
	51
	3.4

	
	
	Anaerobic Lagoon
	13
	0.9

	
	Temperate
	Liquid/Slurry
	30
	2.0

	
	
	Anaerobic Lagoon
	49
	3.3

	Poultry
	All
	Poultry Manure with Bedding
	1600
	40.0

	
	
	Poultry Manure without Bedding
	2400
	60.0


In this example, most of the livestock population (e.g., 94% of non-dairy cattle) is on pasture, and urine and faeces are directly deposited on the soil, without any management. Emissions associated with these faeces and urine must be reported under Agricultural Soils.

In the case of cattle and swine, definitions of manure management systems are provided in Table 4.22 of 1996 IPCC Guidelines, Reference Manual). Systems selected here for poultry are described in Table 4.13 (2000 IPCC GPG).

1996 IPCC Guidelines also provide default activity data for the usage of different animal waste management systems for different livestock categories in different regions of the world (Table 4-21, Reference Manual). This information could be used by countries that do not have national statistics or other sources of data.

2.2.2.2. Determination of Average Nitrogen Excretion per Head (Nex(T))

1996 IPCC Guidelines (Table 4-20, Reference Manual) and 2000 IPCC GPG (Table 4.14) provide a set of default values of N retention for different livestock species. These values should be used only in case it is impossible to develop country-specific values. These could be obtained from scientific literature or industry sources, or be calculated from N intake and N retention data, as indicated in Equation 4.19 (2000 IPCC GPG).

In our example we assume that, for non-dairy cattle, country-specific data on crude protein content of feed is available for the different classes identified in enhanced characterisation. This information, combined with feed intake estimates, is used for estimating total N intake per animal per year. For all other categories, default excretion rates are used.

To determine Nex(T) it is also necessary to use an estimation of the fraction of nitrogen in the feed that is retained in products. Here it is assumed that the country uses default values provided in Table 4.15 (2000 IPCC GPG), which for non-dairy cattle is 0.07, with an uncertainty of +/-50%. The following table shows a summary of the calculations.

	Climate Region
	Manure Management System
	Sub-Category
	Population

(thousand heads)
	Feed Intake (kg/d)
	Crude Protein (%)
	N intake (kgN/

head/yr)
	N Retention

(fraction)
	N Excretion

(kgN/

head/yr)

	Warm
	Feedlot, Liquid/

Slurry
	Cows
	20
	5.7
	15
	50
	0.07
	47

	
	
	Steers
	46
	6.8
	15
	60
	0.07
	55

	
	
	Young
	48
	7.3
	15
	64
	0.07
	59

	
	Feedlot, Anaerobic Lagoon
	Cows
	20
	5.7
	15
	50
	0.07
	47

	
	
	Steers
	46
	6.8
	15
	60
	0.07
	55

	
	
	Young
	48
	7.3
	15
	64
	0.07
	59

	Temperate
	Feedlot, Liquid/

Slurry
	Cows
	7
	5.7
	16
	53
	0.07
	50

	
	
	Steers
	16
	6.8
	16
	63
	0.07
	59

	
	
	Young
	16
	7.3
	16
	68
	0.07
	63

	
	Feedlot, Anaerobic Lagoon
	Cows
	7
	5.7
	16
	53
	0.07
	50

	
	
	Steers
	16
	6.8
	16
	63
	0.07
	59

	
	
	Young
	16
	7.3
	16
	68
	0.07
	63

	Total
	-----
	-----
	306
	-----
	-----
	-----
	-----
	-----


The values estimated for Nex(T) ranged between 47 and 63 kg N/head/year for the population of non-dairy cattle in feedlots, with a weighted average of 56 kg N/head/year, value higher than the IPCC default for Latin America (40 kg N/head/yr). Values for grazing animals (not shown here), which amount to 94% of total population in our example, would be closer to the default.

The values obtained here are the ones to use in the inventory worksheets. For all other species, IPCC default values are used.

2.2.2.3. Determination of Emission Factors and Estimation of Emissions

Use of country-specific emission factors, or values from relevant scientific literature or IPCC Emission Factor Database is strongly encouraged. However, most developing countries will not have access to this type of information. For these cases, 1996 IPCC Guidelines (Table 4-22, Reference Manual) and 2000 IPCC GPG (Tables 4.12 and 4.13) provide default values for the emission factors and their uncertainties, for different manure management systems.

In our example, we assume that the country uses these default emission factors, which are combined with activity data to fill in IPCC software worksheets:
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(fraction)

(kg/N/yr)

D = (A x B x C)

Non-dairy Cattle

5153000

56

0.03

8,657,040.00

Dairy Cattle

1000000

70

0.1

7,000,000.00

Poultry

4000000

0

0.00

Sheep

3000000

0

0.00

Swine

1500000

16

0.054

1,296,000.00

Others

0.00

TOTAL         

16,953,040.00
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Nitrogen Excretion                         
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0.00

Dairy Cattle
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0.6

0.4

960,000.00

Sheep
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Swine

0.00
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0.00
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 EMISSIONS FROM ANIMAL WASTE MANAGEMENT SYSTEMS (AWMS)

COUNTRY   

Hypothetical

YEAR   

2003

STEP 4

A

B

C

  Animal Waste 

Nitrogen Excretion 

Emission Factor For 

Total Annual Emissions 

  Management System 

Nex

(AWMS)

AWMS

of N

2

O

  (AWMS)

EF

3

(kg N/yr)

(kg N

2

O–N/kg N)

(Gg)

C=(AxB)[44/28] / 1 000 000

  Anaerobic lagoons

16,665,040.00

0.001

0.03

  Liquid systems

16,953,040.00

0.001

0.03

  Daily spread

960,000.00

  Poultry manure with bedding

1,440,000.00

0.02

0.05

  Pasture range and paddock

0.00

  Poultry manure w/o bedding

960,000.00

0.005

0.01

Total   

36,978,080.00

Total   

0.11

Note: Some cells were manually modified to accommodate two new types of manure management systems (for poultry). The total in the column A above (Nex) does not include N excretion from grazing animals, which were excluded here for simplicity. When performing a real inventory, this total is used by IPCC Software for Agricultural Soils, and therefore, care has to be taken for not excluding any livestock categories in worksheet 4-1 (supplemental).

2.3.
Crop residues burning
2.3.1.
General issues

Crop residues burning is a minor emission source for the Annex I Parties, because the activity is banned in the great majority of this countries, where farmers have to use another ways to dispose this residual green tissues left by the crops in the fields. Consequently, it means that the NAI Parties do not have many chances to look for the activity data and/or emission factors applied by the Annex I Parties when searching for data better adapted to their national circumstances than the default values that can be found in the Emission Factor Database (EFDB). But, for many NAI Parties, this source category is still active and may represent an important part of the national emissions.

This source category is not considered a net source of CO2 because the C released to the atmosphere is reabsorbed during the next growing season but it is considered a source of net emissions of many trace gases, including CH4, CO, N2O and NOX. An important issue is that only the biomass burned on the field must be included here which means that crop residues removed from the field for other uses must be discounted from the total amount of crop residues produced and properly allocated to avoid double counting.

So, it is important that the inventory team produce a mass balance of the crop residues, defining the different final uses of the crop residues and estimating (if no direct measurements data are available) the proportion of each use. Thus, other uses of the crop residues may be:

· crop residues removed from the field to be used as energy source (allocated under Energy),

· crop residues removed from the field to be used as raw material for building purposes,

· crop residues incorporated to soils (allocated under Agricultural Soils), and

· crop residues eaten by grazing animals.

The Decision-tree for this source category, included as Figure 4.6. in the 2000-Good Practice Guidance and Uncertainty Management (2000-GPG), makes clear that there is only one method (Tier 1) available to estimate emissions and that the differences when the source become key source are in the origin of the activity data and emission factors. If key source, the country is encouraged to apply country-specific data leading to produce emission estimates under box 4. But, if the country cannot provide national activity data or has not developed national emission factors, due to lack of infrastructure or financial resources, then estimates may be produced applying default values (box 1).

An intermediate position could be, in the case of a country that has no national activity data and emission factors, to see the country-specific values used for a country with similar environmental and productive conditions. They could fit better with the national circumstances than the default values. But, in any case, when using country-specific data, the country must report them in a transparent way, meaning reporting and documenting them properly in the National Inventory Report or National Communications.

The inventory team must be clear that it will be dealing with the next two types of activity data:

· data usually collected by statistics agencies: annual crop production, surface covered by crops, yield; they have to be provided by the country, and

· data not collected usually by statistics agencies and provided mainly by research agencies: residue to crop ratio, dry matter fraction of biomass, fraction of crop residues burned in the field, fraction of oxidized residues, C/N ratio of biomass, C content in biomass.

This second group of activity data is usually the result of research projects though some government agencies may have to produce them for their own purposes; for example, government agencies devoted to crop and/or animal production. So, they are the main potential sources for getting country-specific values for some of them.

Two more data are needed to apply the emission estimating method, which are:

· emission factors specific for each gas, which values that allow the inventory team to estimate amounts of gas emitted when dealing with a mass of carbon or nitrogen released to the atmosphere, and

· conversion ratios, which are constants that allow to express carbon as CO2 or CO and nitrogen as N2O or NOX.

The generation of country-specific emission factors is a costly procedure and requires a strong and experienced research infrastructure, which cannot be supported even for a number of Annex I Parties. Only very few examples of national emission factors development can be found among NAI Parties: Uruguay, Brazil and Mexico, in Latin America. So, the use of the default values or those produced by an Annex I Party provided similar circumstances, are the most common procedures applied by the NAI Parties.

2.3.2.
Emission estimates elaboration

The IPCC software is a very useful tool to elaborate the inventory because it contains all the worksheets needed and they are linked to produce aggregate values avoiding the possible error of manual transcription of data.

The start the work, open the IPCC software, filling the data asked in the initial table. After that, go to the menu bar, click in “Sectors”. A new menu will open, showing you the emission sectors; in this case, click in “Agriculture”. A whole set of worksheets will be opened, being worksheets 4-4s1, 4-4s2 and 4-4s3 for including the data for “crop residues burning”.

The initial page is the sheet 4-4s1 and it is shown below:

	 
	MODULE   
	AGRICULTURE
	 
	 
	 
	 

	 
	SUBMODULE   
	FIELD BURNING OF AGRICULTURAL RESIDUES
	 
	 

	 
	 WORKSHEET   
	4-4
	 
	 
	 
	 
	 

	 
	SHEET   
	1 OF 3
	 
	 
	 
	 
	 

	 
	 COUNTRY   
	FICTICIOUS LAND
	 
	 
	 
	 

	 
	 YEAR   
	2002
	 
	 
	 
	 
	 

	 
	STEP 1
	STEP 2
	STEP 3

	Crops
	A
	B
	C
	D
	E
	F
	G
	H

	(specify locally 
	Annual 
	Residue to
	Quantity of 
	Dry Matter 
	Quantity of 
	Fraction 
	Fraction 
	Total Biomass

	important 
	Production
	 Crop Ratio
	Residue
	Fraction
	Dry Residue
	Burned in 
	Oxidised
	 Burned

	crops)
	 
	 
	 
	 
	 
	Fields
	 
	 

	 
	(Gg crop)
	 
	(Gg biomass)
	 
	(Gg dm)
	 
	 
	(Gg dm)

	 
	 
	 
	C = (A x B)
	 
	E = (C x D)
	 
	 
	H = (E x F x G)

	 
	 
	 
	0.00
	 
	0.00
	 
	 
	0.00

	Wheat
	15750
	1,3
	20,475.00
	0.85
	17,403.75
	0.75
	0.9
	11,747.53

	Maize
	5200
	1
	5,200.00
	0.5
	2,600.00
	0.5
	0.9
	1,170.00

	Rice
	1050
	1,4
	1,470.00
	0.85
	1,249.50
	0.85
	0.9
	955.87

	-
	 
	 
	0.00
	 
	0.00
	 
	 
	0.00


The inventory elaboration steps for this worksheet, are:

· the selection of the crops grown in the country that produce residual biomass, part of which are burned in the field. The Table 4-17 (page 4.85 of Reference Manual, 1996 Revised 1996 IPCC Guidelines) may help in this selection; from this table, it is clear that two groups of crops are the most important: cereals and pulses. So, a list of the residue-producing crops must be included in the first left column.

· The second step is to include the national crop productions, values that must be taken from published statistics collected and elaborated by official agencies. In some cases, these agencies do not publish crop production but surface covered by crops; in this case, the annual production can be produced by multiplying the surface value by the national yield average, which may come from statistics agencies or expert’s judgment if not available by other way.

Please, take care of the units: it means that surface must be given in k ha (thousand hectares) and yield in tonne biomass ha-1; the multiplication of k ha (1,000 ha) and tonne (1,000,000 g) gives Gg (109 g) if this last parameter is given in tonne dry matter, then the value to include under column D is 1.0.

· The value for residue/crop ratio (column B) is not encountered in national statistics son it belongs to the group of non-collectable activity data. In general, the inventory team must exhaust the chances to produce country-specific values, applying the next protocol:

· values derived from research/survey/monitoring projects (universities, research institutes, technical government agencies),

· values derived from expert’s judgment (enquiries to the most prestigious national experts),

· values taken from third countries (if country-specific), provided national circumstances (environmental, productive) are similar or comparable, or lastly

· default values, taken from the Emission Factor Database.

When dealing with the third chance, it may help to know that the inventories submitted in the CRF format by the Annex I Parties can be accessed by the UNFCCC web page. For this, open the page www.unfccc.int and then, click in “GHG information” and “2004 Annex I Party GHG Inventory Submissions”. The whole list of submissions for the year 2004 is displayed and the inventory of the selected country can be downloaded. As it is in the CRF format, some information is not as detailed as required but, at least, the inventory team will know the name of the National Responsible and his/her addresses which allow the proper direct contact.

When dealing with default values, they can be taken from the IPCC documents (1996 Revised Guidelines and 2000 GPG) but it is better to use the IPCC EFDB because it includes the IPCC default values along with the CORINAIR, which specially relevant for the Energy and Industrial Processes sectors. To make the best revenue from this development, it is convenient to use the on-line connection because it gives the chance of a refined search which is not available in the CD-rom format.

To be connected to the on-line version, open the page www.ipcc-nggip.iges.or.jp/EFDB and click in the option “Find EF” which is found in the menu bar. Then, choose the option to search EF and prefer the step-by-step option. Once open this option, follow the logical route, starting with “4. Agriculture” and then “4.F: Field burning of crop residues”. If you want to refine the search, you can filter by the column headings: it is advisable to filter by gas and description. Then, the inventory team will select the default values which better fit with the national specific circumstances: for a better follow-up, it is convenient to register and report the emission factors identity (EF ID number).

· The same procedure must be followed for filling columns D, F and G in, with data for dry matter fraction, fraction of crop residues burned in the field and fraction of crop residues oxidized (combustion efficiency). Remember the discussion stated above in reference that the value for the column F must arise from the crop residues mass balance (F meaning fraction and T, total):

Fburned in field= Tcrop residues – (Fremoved for energy + Fremoved for other uses + Ftaken by animals + Fapplied to soil)

Here, the worksheet 4-4s1 is completed and the next worksheet (4-4s2) must be opened.

	 
	MODULE   
	AGRICULTURE
	 
	 

	 
	SUBMODULE   
	FIELD BURNING OF AGRICULTURAL RESIDUES
	 

	 
	WORKSHEET   
	4-4
	 
	 

	 
	SHEET   
	2 OF 3
	 
	 

	 
	COUNTRY   
	FICTICIOUS LAND
	 
	 

	 
	YEAR   
	2002
	 
	 

	 
	STEP 4
	 
	STEP 5
	 

	 
	I
	J
	K
	L

	 
	Carbon 
	Total Carbon 
	Nitrogen-
	Total Nitrogen

	 
	 Fraction of
	Released
	Carbon Ratio
	Released

	Crops
	Residue
	 
	 
	 

	 
	 
	(Gg C)
	 
	 (Gg N)

	 
	 
	J = (H x I)
	 
	L = (J x K)

	 
	 
	0.00
	 
	0.00

	Wheat
	0.48
	5,638.82
	0.012
	67.67

	Maize
	0.47
	549.90
	0.02
	11.00

	Rice
	0.41
	391.91
	0.014
	5.49

	-
	 
	0.00
	 
	0.00


To fill this table, values for columns I (carbon fraction in residues) and K (C/N ratio of residues) must be typed in. They belong to the group of non-collectable activity data and what was explained before for similar values needed in the worksheet 4-4s1 is also valid for this worksheet. So, the hierarchy order for these data is: country-specific based on research or monitoring, country-specific based on expert’s judgment, used by Parties with comparable conditions, default values.

Now, the worksheet 4-4s3 is open. As you can see, the three sheets are linked so no manual transference of numbers has to be done.

	 
	MODULE   
	AGRICULTURE
	 
	 

	 
	SUBMODULE   
	FIELD BURNING OF AGRICULTURAL RESIDUES

	 
	WORKSHEET   
	4-4
	 
	 

	 
	SHEET   
	3 OF 3
	 
	 

	 
	COUNTRY   
	FICTICIOUS LAND
	 
	 

	 
	YEAR   
	2002
	 
	 

	STEP 6
	 
	 
	 
	 

	 
	M
	N
	O
	P

	 
	Emission Ratio
	Emissions
	Conversion Ratio
	Emissions

	 
	 
	 
	 
	 from Field

	 
	 
	 
	 
	Burning of

	 
	 
	 
	 
	Agricultural 

	 
	 
	 
	 
	Residues 

	 
	 
	(Gg C or Gg N)
	 
	(Gg)

	 
	 
	N = (J x M)
	 
	P = (N x O)

	CH4
	0.005
	32.90
	     16/12
	43.87

	CO
	0.06
	394.84
	     28/12
	921.29

	 
	 
	N = (L x M)
	 
	P = (N x O)

	N2O
	0.007
	0.59
	     44/28
	0.93

	NOx
	0.121
	10.18
	     46/14
	33.46
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The column M must be filled in with the specific emission factors for the trace gases. As it was mentioned before, it is very unlikely that the NAI Parties can develop their own emission factors so defaults values, which can be found in the Table 4-16 of the Reference Manual, 1996 Revised 1996 IPCC Guidelines.

For the column O, the conversion factors to be used are:

· from C to CO2: 44/12,

· from C to CH4: 16/12,

· from C to CO: 28/12,

· from N to N2O: 44/28,

· from N to NOX: 46/14.

Then, the amount emitted by each trace gas is displayed in column P. These emission estimates are transferred electronically to the summary tables, which are included in the overview module of the IPCC software, which is automatically produced when the “Sectors” option is activated. Within the overview, tables 4s1 and 4s2 summarize the emissions at sub-source and source levels.

Quantitative examples

To illustrate the inventory elaboration, a quantitative example will be developed with the next assumptions:

· only wheat residues are produced,

· an annual wheat production of 18,350.50 Gg,
· preferable use of country-specific values, as case A, and
· preferable use of default values, as case B.
Case A (country-specific values)

The next parameters were used:

· (B) residue to crop ratio: 1.5

· (D) dry matter fraction: 0.9

· (F) Fraction of crop residues burned in field: 0.12

· (G) Fraction oxidized: 0.96

· (I) carbon fraction in residues: 0.45 

· (K) nitrogen to carbon ratio: 0.0032

· (M) emission factors: 0.00311 for CH4, 0.06 for CO (default), 0.018 for N2O and 0.121 for NOX (default).

Case B (defaults)

The next parameters were used:

· (B) residue to crop ratio: 1.3 (EF ID 43555)

· (D) dry matter fraction: 0.83 (EF ID 43636)

· (F) Fraction of crop residues burned in field: 0.12 (CS)

· (G) Fraction oxidized: 0.94 (EF ID 45941)

· (I) carbon fraction in residues: 0.48 (EF ID 43716)

· (K) nitrogen to carbon ratio: 0.0012 (EF ID 43796)

· (M) emission factors: 0.005 for CH4, 0.06 for CO (default), 0.007 for N2O and 0.121 for NOX (all defaults).

Processing both cases, the emission estimates are presented in the table shown below. Some significant differences may be produced between both methodological approaches.

	Gas emitted
	Emissions
	Emissions
	Per cent

	
	Gg gas
	Gg gas
	of

	
	Case A
	Case B
	difference

	
	CS values
	Defaults
	

	CH4
	5.10
	6.85
	-25%

	CO
	172.30
	143.83
	+20%

	
	
	
	

	N2O
	0.11
	0.14
	-18%

	NOx
	1.57
	4.90
	-68%


2.4.
Prescribed burning of savannas 
2.4.1.
General issues

Only one Annex I Party reports emissions from this source category. As it was mentioned in reference to the burning of crop residues, is very unlikely that the NAI Parties take advantage of country-specific activity data and/or emission factors developed by the developed countries. This source activity is mainly occurring in the tropical America and Africa, although some extension happens to rather temperate grasslands.

In savannas regions, burning is carried out every one to several years and the source category is not considered a net source of CO2 because the C released to the atmosphere is reabsorbed during the next vegetation growing season but it is considered a source of net emissions of many trace gases, including CH4, CO, N2O and NOX. A main difference with the burning of crop residues, is that all the biomass existing in the field is burned and no adjustment needs to be done to the total accumulated biomass; the only discrimination that has to be done is disaggregating the total biomass into living and dead biomass.

The Decision-tree for this source category, included as Figure 4.5. in the 2000-Good Practice Guidance and Uncertainty Management (2000-GPG), is quite similar to the crop residues burning decision-tree, in the sense that there is one method (Tier 1) available to estimate emissions and that the methodological differences –regarding to the key source condition of the source category- are in the origin of the activity data and emission factors. If key source, the country is encouraged to apply country-specific data leading to produce most accurate emission estimates (box 4); if the country cannot provide national activity data or has not developed national emission factors, due to lack of infrastructure or financial resources, then estimates may be produced applying the less accurate route (box 1, using default values).

An intermediate position could be, in the case of a country that has no national activity data and emission factors, to see the country-specific values used for a country with similar environmental and productive conditions. They could fit better with the national circumstances than the default values. But, in any case, when using country-specific data, the country must report them in a transparent way, meaning reporting and documenting them properly in the National Inventory Report or National Communications.

The inventory team must be clear that it will be dealing with the next two types of activity data:

· data usually collected by statistics agencies: classification of savannas in ecotypes, annual burned area per savannas type, and

· data not collected usually by statistics agencies and provided mainly by research agencies: 

· biomass density (tonne dm ha-1) (column B in worksheets 4-3)

· dry matter content in biomass (if biomass density is given in fresh basis),

· fraction of biomass actually burned (column D)

· fraction of living biomass actually burned (column F)

· fraction oxidised of living and dead biomass (combustion efficiency, column I)

· carbon fraction of living and dead biomass (column K)

· nitrogen/carbon ratio

This second group of activity data is usually found as result of research projects and government monitoring agencies that have to produce them for their purposes; for example, government agencies devoted to animal production. So, they are the main potential sources for getting country-specific values for some of them.

Two more data are needed to apply the emission estimating method, which are:

· emission factors specific for each gas, which values that allow the inventory team to estimate amounts of gas emitted when dealing with a mass of carbon or nitrogen released to the atmosphere, and

· conversion ratios, which are constants that allow to express carbon as CO2 or CO and nitrogen as N2O or NOX.

As it was mentioned for the burning of crop residues, the generation of country-specific emission factors is very costly and because of this, very few examples of national emission factors developed by NAI Parties can be found. So, the use of default values is the most common fact for this source category applied by the NAI Parties.

2.4.2.
Emission estimates elaboration

Open the IPCC software, filling the data asked in the initial table. Go to the menu bar and click in “Sectors”. A new menu will open, showing the IPCC sectors. Select “Agriculture” and the whole set of worksheets will be opened, being worksheets 4-3s1, 4-3s2 and 4-3s3 for including the data for “prescribed savannas burning”.

The initial page is the sheet 4-3s1 and it is shown below:

	 
	MODULE   
	AGRICULTURE
	 
	 
	 
	 

	 
	SUBMODULE   
	PRESCRIBED BURNING OF SAVANNAS
	 
	 

	 
	WORKSHEET   
	4-3
	 
	 
	 
	 
	 

	 
	SHEET   
	1 OF 3
	 
	 
	 
	 
	 

	 
	COUNTRY   
	FICTICIOUS LAND
	 
	 
	 
	 

	 
	YEAR   
	2002
	 
	 
	 
	 
	 

	STEP 1
	STEP 2

	A
	B
	C
	D
	E
	F
	G
	H

	Area Burned                    by Category                  (specify)
	Biomass                                   Density of                                        Savanna
	Total Biomass                               Exposed to                                        Burning  
	Fraction                          Actually                             Burned
	Quantity                                     Actually                                 Burned
	Fraction of                             Living                                                                                     Biomass                                               Burned
	Quantity of                Living Biomass                                         Burned  
	Quantity of                                              Dead Biomass                                              Burned

	 (k ha)
	(t dm/ha)
	(Gg dm)
	 
	(Gg dm)
	 
	(Gg dm)
	(Gg dm)

	 
	 
	C = (A x B)
	 
	E = (C x D)
	 
	G = (E x F)
	H = (E - G)

	15.5
	7
	108.50
	0.85
	92.23
	0.45
	41.50
	 

	 
	 
	 
	 
	 
	 
	 
	50.72

	 
	 
	0.00
	 
	0.00
	 
	0.00
	 

	 
	 
	 
	 
	 
	 
	 
	0.00


The steps to follow are the next ones:

· establish the categories of savannas existing in the country and that are subjected to regular burning (it although not necessarily annual),

· incorporate in column A, the area annually burned per savannas category; this is a country-specific activity data which is normally collected by statistics or technically related agencies (if not available, this activity data can be estimated using satellite images or aerial photographs),

· incorporate the average biomass density for the category, in column B; these values are not collected by statistics agencies but can be provided by government agencies technically related and/or research agencies; if not, national expert’s judgment can be applied before going for default values), and

· incorporate the fraction of biomass actually burned in column D and fraction of living biomass in column F.

As non-collectable activity data, these two last activity data must be taken from research or government agencies but in many cases, they will have to be estimated by prestigious experts’ judgment, if country-specific data are to be applied. Otherwise, the search for activity data by searching among the Annex I Parties (very unlikely as it was explained before) or default values at the EFDB. The access to the Annex I Parties submissions to the UNFCCC Secretariat and to the Emission Factors Database was explained under “Crop Residues Burning”.

Now, the worksheet 4-3s2 has to be opened. This worksheet is linked to 4-4s1 so the values produced in the previous worksheet are transferred automatically to this second sheet avoiding the manual transference.

	 
	MODULE   
	AGRICULTURE
	 
	 

	 
	SUBMODULE   
	PRESCRIBED BURNING OF SAVANNAS
	 

	 
	WORKSHEET   
	4-3
	 
	 

	 
	SHEET   
	2 OF 3
	 
	 

	 
	COUNTRY   
	FICTICIOUS LAND
	 
	 

	 
	YEAR   
	2002
	 
	 

	STEP 3
	 
	 
	 

	I
	J
	K
	L

	Fraction                      Oxidised of living                   and dead biomass
	Total Biomass                            Oxidised
	Carbon Fraction                                          of Living and Dead                                              Biomass
	Total Carbon                                            Released

	 
	 
	(Gg dm)
	 
	(Gg C)

	 
	 
	Living: J = (G x I)                          Dead: J = (H x I)
	 
	L = (J x K)

	Living
	0.9
	37.35
	0.45
	16.81

	Dead
	0.95
	48.19
	0.5
	24.09

	Living
	 
	0.00
	 
	0.00

	Dead
	 
	0.00
	 
	0.00


The steps to fill this worksheet in are:

· in column I, the values for fraction oxidized of living and dead biomass are included: also, non-collectable activity data and the recommendation given previously for them are fully valid, and

· in column K, the values for carbon fraction of living and dead biomass are included; non-collectable activity data for which published information are very common in specialized journals.

Now, the third worksheet (4-3s3) has to be open. The data produced in the worksheet 4-3s2 is internally aggregated in this third worksheet. 

	 
	 
	MODULE   
	AGRICULTURE
	 
	 
	 
	 

	 
	 
	SUBMODULE   
	PRESCRIBED BURNING OF SAVANNAS
	 
	 

	 
	 
	WORKSHEET   
	4-3
	 
	 
	 
	 

	 
	 
	SHEET   
	3 OF 3
	 
	 
	 
	 

	 
	 
	COUNTRY   
	FICTICIOUS LAND
	 
	 
	 

	 
	 
	YEAR   
	2002
	 
	 
	 
	 

	STEP 4
	STEP 5

	L
	M
	N
	O
	P
	Q
	R

	Total Carbon                      Released
	Nitrogen-                                  Carbon Ratio
	Total Nitrogen                   Content
	Emissions                                           Ratio
	Emissions
	Conversion                         Ratio
	Emissions from                         Savanna Burning

	(Gg C)
	 
	(Gg N)
	 
	(Gg C or Gg N)
	 
	(Gg)

	 
	 
	N = (L x M)
	 
	P = (L x O)
	 
	R = (P x Q)

	 
	 
	 
	0.005
	0.2045
	16/12
	 CH4
	0.2727

	 
	 
	 
	0.06
	2.4541
	28/12
	 CO
	5.7263

	40.90
	0.0142
	0.58
	 
	P = (N x O)
	 
	R = (P x Q)
	 

	 
	 
	 
	0.007
	0.0041
	44/28
	 N2O 
	0.0064

	 
	 
	 
	0.121
	0.0703
	46/14
	 NOx
	0.2309


The values to be included are:

· a non-collectable activity data, nitrogen/carbon ratio, in column M; as it was stated for the carbon fraction in biomass, it is very frequent to find reported values for the N/C ration in vegetal tissues that could be used if measured ratios from the savannas area available in the country, and

· specific emission factors, usually the defaults which are shown in the Table 4-15 of the Reference Manual, 1996 Revised 1996 IPCC Guidelines.

[image: image1.jpg]TABLE 4-15
EmMISSION RATIOS FOR SAVANNA BURNING CALCULATIONS

Compound Ratios
CHg @ 0.004  (0.002 - 0.006)
cob 0.06  (0.04-0.08)
N20 ¢ 0.007  (0.005 - 0.009)
NOy ¢ 0.121  (0.094 - 0.148)

Sources:

8 Delmas, 1993

B Lacaux, et al., 1993

€ Crutzen and Andreae, 1990

Note: Ratios for carbon compounds, i.e., CH4 and CO, are mass of carbon compound released
(in units of C) relative to mass of total carbon released from burning {in units of C); those for
the nitrogen compounds are expressed as the ratios of mass of nitrogen compounds released
relative to the total mass of nitrogen released from the fuel.





The conversion factors, in column Q, are fixed to 16/12 for C to CH4, 28/12 for C to CO, 44/28 for N to N2O, and 46/14 for N to NOX.

Then, the amount emitted by each trace gas is displayed in column P. These emission estimates are transferred electronically to the summary tables, which are included in the overview module of the IPCC software, which is automatically produced when the “Sectors” option is activated. Within the overview, tables 4s1 and 4s2 summarize the emissions at sub-source and source levels.

Quantitative examples:

To illustrate the inventory elaboration, a quantitative example will be developed with the next assumptions:

· country with three ecological zones:

· Northern zone: shortest drought period

· Southern zone: longest drought period

· Central zone: intermediate situation

· preferent use of country-specific values, as case A, and
· preferent use of default values, as case B.
Case A:

In this case, where possible, the use of CS activity data and emission factors is encouraged, and the next values were defined:

· in column A, area annually burned (kha): northern zone 15.5; central zone 145.8; southern zone 2.0 (data taken from national statistics),

· in column B, biomass density (tonne dm/ha): northern zone 7; central zone 5; southern zone 4 (data taken from national specialized literature),

· in column D, fraction of burned biomass: northern zone 0.85; central zone 0.95; southern zone 1.0 (data taken from national specialized literature),

· in column F, fraction of living biomass: northern zone 0.55; central zone 0.50; southern zone 0.45 (data generated by field measurements),

· in column I, fraction oxidized of living and dead biomass: 0.9/0.95 in all zones (data produced by expert’s judgment),

· in column K, fraction of C in living/dead biomass: 0.4/0.45 in all zones (data generated by field measurements),

· in column M, average N/C ratio: 4.88 (data generated by field measurements),

· in column O, specific emission rates: CS for CH4 y N2O (0.006 for both gases); defaults for CO y NOX (0.06 and 0.121), and

· in column Q, conversion factors: 16/12 for CH4; 28/12 for CO; 44/28 for N2O; 46/14 for NOX.

Case B

Assumed the country is using default data (taken form the IPCC-EFDB), the next parameters and other activity data were applied:

· in column A, area annually burned (kha): same values (data taken from national statistics),

· in column B, biomass density (tonne dm/ha): northern zone 7; central zone 6; southern zone 4,

· in column D, fraction of burned biomass: fixed value of 0.95,

· in column F, fraction of living biomass: northern and central zones 0.55; southern zone 0.45,

· in column I, fraction oxidized of living and dead biomass: fixed value of 0.94,

· in column K, fraction of C in living/dead biomass: 0.4/0.45 in all zones (from expert’s judgment),

· in column M, average N/C ratio: 3.84,

· in column O, specific emission rates: CS for all the gases (0.005 for CH4; 0.007 for N2O; 0.06 for CO; 0.121 for NOX, and

· in column Q, conversion factors: 16/12 for CH4; 28/12 for CO; 44/28 for N2O; 46/14 for NOX
Processing both cases, the emission estimates are presented in the table shown below. Some significant differences may be produced between both methodological approaches meaning that very different estimates may be produced following different methodological approaches. The fact is to use the most accurate and certain data.

	PRESCRIBED BURNING OF SAVANNAS

	
	Emissions
	Emissions
	Per cent

	Gas emitted
	Gg gas
	Gg gas
	Of

	
	Case A
	Case B
	Difference

	
	CS values
	Defaults
	

	CH4
	2.75
	2.70
	+2%

	CO
	48.11
	56.64
	-15%

	
	
	
	

	N2O
	0.05
	0.04
	+9%

	NOx
	1.94
	1.53
	+27%























� According to 2000 IPCC GPG, it is highly recommended to produce a single livestock characterization for all sources requiring one (i.e., methane from enteric fermentation, methane and nitrous oxide from manure management, and direct and indirect nitrous oxide from agricultural soils). This characterization should be the made at once for all animal categories as one of the first steps in preparing the inventory. However, for the purposes of this training material, it is presented in different steps, to show more clearly the application of this characterization.





[image: image11.jpg]TABLE 4-16
EMISSION RATIOS FOR AGRICULTURAL RESIDUE BURNING
CALCULATIONS

Compound Ratios
CHg? 0.005 Range 0.003 - 0.007
cob’ 0.06 Range 0.04 - 0.08
N20 © 0.007 Range 0.005 - 0.009
NOy © 0.121 Range 0.094 - 0.148

Sources:

2 Delmas, 1993

b | acaux, et al., 1993

€ Crutzen and Andreae, 1990

Note: Ratios for carbon compounds, i.e., CHg and CO, are mass of carbon compound
released {in units of C) relative to mass of total carbon reieased from burning (in units
of C); those for the nitrogen compounds are expressed as the ratios of mass of
nitrogen compounds relative to the total mass of nitrogen released from the fuel.
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