Annex 3: Other detailed methodological descriptions for agriculture
Enteric fermentation

Dairy Cattle

The herd of dairy cattle has been disaggregated into 18 subgroups, ranging from dairy cattle with less than 1000 kg of milk yield per year to those with more than 9000 kg of milk per year. Since the Statistical Office of the Republic of Slovenia does not have data on the distribution of the herd as to its milk production, data of the Cattle-Breeding Service of Slovenia, monitoring approximately 30 % of the total herd (Verbič, Sušin, Podgoršek 1999, p. 4-5), have been used. 

Table: Distribution of animals with regard to the quantity of produced milk per year. 

	Milk yield
	N U M B E R   O F   A N I M A L S (in 0 0 0)

	per year
	1985
	1986
	1987
	1990
	1991
	1992
	1993
	1994
	1995
	1996

	 <1000
	0.3
	0.4
	0.4
	1.0
	0.5
	0.5
	1.9
	0.9
	0.7
	1.0

	1000-1500
	34.5
	29.9
	32.5
	34.5
	20.0
	26.3
	37.6
	28.2
	24.3
	28.1

	1500-2000
	72.6
	62.2
	63.3
	72.6
	43.8
	50.5
	52.4
	48.2
	44.8
	46.6

	2000-2500
	68.6
	64.6
	61.6
	68.6
	51.4
	50.8
	43.5
	46.3
	45.8
	44.1

	2500-3000
	41.3
	45.6
	40.9
	41.3
	42.6
	36.0
	28.0
	32.6
	33.9
	31.0

	3000-3500
	19.6
	25.5
	22.2
	19.6
	29.1
	21.9
	16.7
	20.0
	21.9
	19.4

	3500-4000
	8.5
	12.4
	11.2
	8.5
	17.9
	12.9
	10.1
	12.3
	13.7
	12.0

	4000-4500
	3.8
	5.8
	5.5
	3.8
	10.2
	7.5
	6.3
	7.7
	8.9
	7.9

	4500-5000
	1.9
	2.8
	2.9
	1.9
	5.7
	4.5
	4.1
	5.1
	5.9
	5.7

	5000-5500
	1.0
	1.4
	1.6
	1.0
	3.3
	2.9
	2.9
	3.6
	4.1
	4.1

	5500-6000
	0.5
	0.8
	1.0
	0.5
	2.0
	2.0
	2.1
	2.5
	3.1
	3.2

	6000-6500
	0.4
	0.5
	0.7
	0.4
	1.4
	1.3
	1.5
	1.8
	2.2
	2.4

	6500-7000
	0.2
	0.3
	0.5
	0.2
	0.9
	1.0
	1.2
	1.4
	1.7
	1.9

	7000-7500
	0.1
	0.2
	0.3
	0.1
	0.7
	0.7
	0.9
	1.1
	1.3
	1.5

	7500-8000
	0.1
	0.2
	0.2
	0.1
	0.5
	0.5
	0.5
	0.7
	1.0
	1.1

	8000-8500
	0.1
	0.1
	0.2
	0.1
	0.3
	0.3
	0.4
	0.5
	0.7
	0.8

	8500-9000
	0.0
	0.1
	0.1
	0.0
	0.1
	0.2
	0.2
	0.3
	0.4
	0.5

	>9000
	0.0
	0.1
	0.1
	0.0
	0.2
	0.2
	0.2
	0.3
	0.6
	0.7

	Total:
	253.6
	252.8
	245.2
	253.6
	230.5
	219.8
	210.4
	213.5
	215.0
	212.1


Based on data from controlled cows (the monitoring service performs monthly measurements of the milk yield of every individual cow) it has been ascertained that the distribution of annual milk yield best fits a gamma function. For the controlled herd, parameters of gamma distribution have been calculated for each individual year. On the basis of the number of cows under control and their average milk yield (Cattle-Breeding Service of Slovenia) and on the basis of data on the total population of cows and the amount of produced milk (Statistical Office of the Republic of Slovenia), to which was added the milk that was suckled by suckling calves
, the number of non-controlled cows and their average milk yield have been calculated. Then, assuming that the form of distribution of the milk yield of non-controlled cow population was equal to the form of distribution of controlled population, the degree of gamma function was coordinated by means of an iterative method in such a way that the average milk yield of a theoretical non-controlled population was equal to the milk yield, which was calculated on the basis of statistical data. Both cow populations, the controlled and the non-controlled population, have then been mathematically combined. An example of a distribution of both separate populations and the combined population for 1996 is presented in the graph, while the theoretical distribution of the herd for all years in question is presented in the enclosed table.
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Figure 1: Theoretical distribution of the controlled herd (□), adjusted non-controlled herd (∆) and the entire, mathematically combined herd (○) of dairy cows 

For a precise estimate of the quantity of emitted methane, it is necessary to also know the quantity and quality of feed intake. For dairy cattle with a yield from 1000 to 9000 kg of milk annually, feed intakes for various lactation phases have been calculated. The posible feed intake has been estimated according to Menke and Huss (1987), while for covering the energy requirements, the German system (DLG, 1997) has been used, which was adapted in such a way as to accommodate the requirements for pregnancy and the possibility of drawing upon and storing body reserves. In doing so we considered the fact that breeders feed cows which give the least milk (1000 to 3000 kg/year) only hay harvested from heading until flowering, that cows from 4000 kg upwards are also fed corn silage, from 6000 kg upwards also grass silage, cut in the phase before the heading stage. The diets were, in accordance with standards, supplemented with concentrates. Based on average digestibility factors for organic matter and using equations for conversion of digestibility of organic matter to digestibility of energy, equations for estimating digestible energy (pE, in %) in relation to milk production (L, in kg per yr) have been composed: 

pE = 52.22 + 0.0039 L + 0.0000002 L2






This equation has served as the link between the German NEL system, which is used in this country, and the American NEL system, on which the IPCC methodology rests. IPCC methodology is used in estimating gross energy intake. Net energy is estimated on the basis of the needs of animal for maintenance, lactation, and pregnancy. In case of grazing animals, additional energy requirements for grazing has been taken into account. Calf birth weight has been calculated according to the IPCC method. The total requirements, expressed as net energy, have been converted into gross energy requirements. To do that, the laid-down equations (IPCC, 1997) as well as the equation for estimating the required digestibility of energy with regard to the milk yield of an animal, adapted to the prevailing conditions in Slovenia, were used. 

The requirements of animals for net energy and all emissions arising from the quantity of feed intake have been calculated for each of the 18 subgroups. In doing so, it has been taken into account that animals which produce more milk also have higher body weight than animals with lower milk production. With regard to the latter, the body weight in individual classes has been estimated according to this equation: 

Body Mass (kg) = 418.8 + 0.03125 × L

where coefficient L = annual milk production in kg. 

The mass of cows estimated in this manner was similar to the estimates that were given for cows slaughtered in Slovenian slaughterhouses by the Statistical Yearbook of the Republic of Slovenia. In calculating the standard values, the measured fertility of the controlled population (database of the Cattle-Breeding Service of Slovenia) has been taken into account for each class individually. Fertility ranged from 0.8 to 0.9 calves per year, decreasing for increasing milk yield. 

Annual emissions of methane (EM ENTER) have been calculated on the basis of estimated gross energy intake (BE) according to an equation taken from the pages of IPCC (1997): 
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The coefficient Ym in equation 3 is the methane conversion factor, which defines the fraction of the gross energy intake that is converted into methane. The methane conversion factor decreases for increased digestibility. For cows with less than 3000 kg of milk per year the methane conversion factor of 0.07, for higher milk yield, the methane conversion factor of 0.06 has been applied.

On the basis of the results for 18 subgroups an equation for direct prediction of methane emissions (EM in kg CH4 per animal per year) on the basis of annual milk production (M; in kg of milk per animal per year) was developed (Tomšič in sod., 2000).
EM = 75.7 + 0,0038 x M 
Manure management

Table 1: Characteristics of slurry handling on large pig production farms in 2000. Data are presented separately for each of the 4 characteristic groups*.

	
	Fraction of swine in % of all swine on large farms**
	Fraction of VS with regard to the type of storage or usage

	Farm groups, with regard to type of slurry handling
	
	Solid manure 
	Slurry 
	Biogas 
	Lagoon

	Biogas 1
	19 %
	80 %
	0 %
	20 %
	0 %

	Biogas 2
	26 %
	60 %
	0 %
	30 %
	10 %

	Slurry separation and treatment in lagoon 
	21 %
	40 %
	0 %
	0 %
	60 %

	Slurry separation and slurry spreading on agricultural soils
	34 %
	50 %
	50 %
	0 %
	0 %

	TOTAL:
	
	
	
	
	

	Estimate for 2000
	
	56 %
	17 %
	12 %
	15 %

	Estimate for 1986
	
	20 %
	20 %
	0 %
	60 %


*- Considering the fact that the new wastewater treatment plant on the Farm of Nemščak, which has been inaugurated in the spring of 2001, had operated already in 2000. The aim of this research project was to ascertain the present condition and the fact is that the treatment plant is operating. 

**- The fraction has been estimated on the basis of data from the Pig-breeders Association (GIZ Prašičereja) 




















































� Statistical Yearbooks state annual quantities of milked milk.  That quantity includes the milk milked and fed to calves, but not the milk that the calves suckle.  Data on the number of suckling calves are not available; consequently, we estimated that all calves, the mothers of which have less than 2000 kg of milk per year, suckle. It was considered that an average suckling calf drinks 600 kg of milk. 
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